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The oxidative dimerization of 2-nitropropane was discov -
ered by John Pe Stowe during an attempt to oxidize 2-nit~o­
.c"' propane with 30 per cent hydrogen peroxid e . In stead of the ex-
pe~t ed dinitro derivative, a com ound , l ater es tabli shed by 
Stowe to be 2,3-dinitro-2 , 3-dimethylbutane, was obtained. The 
yield was a proximately 20 per cent . A detailed description 
i 
of Stowe ' s reactio11 is given under experiment I on page -Y'" . 
However, it i s described roughly at this point for the urpose 
of an introduction to this thesis. 2-Nitropropane (0.07 mole ) 
is dissolved in potassium hydroxide (0.1 mo l e ) followed by the 
addition of sodium nitrite (0.072 mo l e ) . Ic e is added, and 
the temperature is maintained at 0°C . throughout the experi-
ment . The solution i~ then neutraliz ed with sul f uric acid 
(6N). A mixt ure of 30 per cent hydrogen peroxide (0 . 33 mo le) 
and sulfuric acid (0 . 12 mo le ) is then added slowly fro m a drop-
ping funnel. A precipitat e is formed which is 2,3-dinitro-
2,3-dimethylbutane (found in about 20 per cent yield). The re-
ction may be represented by the f ol l owing equat i on . 
[ 
CJ!p H t:J - ("~ ~t:J] k~.N" t:#..P ....pO 
'c-:......,--" ___ c = ~ --- 'c = ..- -r .....-&. o 
e~' ~c c-#. <::>...v ~ c# 'cc-> K"" 
J J 
1 
2 
As a result of the interest which this r eacti on created, it 
was desired to determine its mechanism by means of kinetic 
studies. However , it was realiz ed that before this c ould be 
accomplished , side r eact ions had to be eliminated, and the 
yield increased considerably. Th e principal subject material 
of this thesis concerns itself with these two necessar items . 
/7 
In 1894, J. U. Ne f discovered that an alkali sal t of a 
nitrop~raffin , when treated wi th mineral acid ( su lfuric or 
hydrochlori c ) at 0 ° C., decomposed to form n itrous oxide, an d 
an aldehyde or ketone (from secondary nitroparaffins). Nef 
proposed the following partial mechanism. 
£'~ 
_.:;,(7 
' 
.2- c = ..-v-
' I" oc-' l<r;) f:K 
.3 
.2.. 
Nef worked , not only with 2-nitropropane , but also with n i tro-
ethane and nitromethane wh ic h reacted in an analagous manner . 
The nitrous oxide was measured in an azotometer a t 21 ° C. and 
754mm . I n the case of 2-nitropropane, the amount of nitrous 
oxi de obtai ned was 66.52 per cent of the theoretical . The pre-
sence o f acetone was determined by Nef by prep aring the corre -
sponding ox i me . He did not measure th e aceton e quantitatively. 
However, it may be assumed that the yi e l d was 80 per cent on 
the basis of the results obtained with nitroeth ane. A yield 
of approximately 80 per cent of acetaldehyde was obtained from 
nitroethane when it is considered that 1 0 to 20 per cent of 
the original amount of nitroethan e used was recovered. 
Nef's react i on is carried out i n the followin g way . 2 -
Nitropropane is dissolved in sodium hydroxide. This solution 
i s then cooled to approximately 0°C. and dilute sul f uric or 
hydrochloric acid (1: 5) is added very s l owly. When the solu-
tion becomes acidic, a bluish - green color is developed ( which 
is similar to that obt a ined i n Stowe ' s reac tion ), and one ob -
serves the generati on of nitrous oxide , and the odor of ace-
tone. Now if one compares this procedure with that of St owe ' s , 
described briefly above, it will be noticed that the simi ari y 
is striking. In fact, the onl y difference be t ween the t wo is 
that in Stowe ' s reaction, hydrogen peroxide and sodiu~ nitrite 
are also employed . 
Consequently , it woul d be obvious to suspect that the Nef 
reaction does occur to the extent of 80 per cent or lower . 
Thus, we felt i t necessary , fir st to establish the presence o ~ 
the Nef ree,ct i on b qual itative and qua1rt i ta.t i ve me asures, s.nd 
then to e limi nate this source of hindrance. That th Nef re-
action i s actually a side reaction was established. Howevei , 
it only occurs to the extent of 3 0 pel cent ( not allowing for 
any recovered 2-nitropropane ). Thus , the reacti on mi xture had 
to be sub j ected to further analysis as the reader will see 
later. 
Besides analyzing Stowe ' s reaction, for possible by - pro-
3 
ducts, attempts were made to i ncrease the yi e l d of 2 , 3-din itr o-
2 , 3-dimethylbutane. 
4 
INTRODUCTION TO THE SOLVOLYSIS 
' 
OF ACETYL BROMIDE IN 41 PER CENT ETHANOL 
A smaller portion of this thesis is devoted to a study of 
the reaction of acetyl bromide with 41 per cent ethanol. 
~ Farkas, Perlmutter , and Schachter found that ethyl acetate and 
acetic acid were products of the oxidation of ethyl alcohol by 
bromine. The kinetics of the reaction was studied and a mach-
anism proposed by the above authors. This is discussed fur-
ther on page /o2 . In relation to this work, it was proposed 
that acetyl bromide was an intermediate in the conversion of 
ethyl alcohol to acetic acid and ethyl acetate~ To test this 
r 
theory, acetyl bromide was prepared as described on page /o~ . 
A given amount of acetyl bromide was allowed to react with 41 
per cent ethanol, and the ratio of ethyl acetate to acetic 
acid determined. The results of these experiments are dis-
cussed in a separate section of this thesis starting on page~~ 
5 
As was mentioned above in the introduction, the work dis-
cussed in this thes i s involves primarily attempts to determine 
the by-products, and to increase the yield of 2,3-dinitro-2,3-
% ~ 
dimethylbutane of Stowe's reaction. Under experiment I is 
give n the details of Stowe's reaction which will be referred 
to continuously as the standard preparation of 2,3-dinitro-2,3 
dimethylbutane. Experiment II is a repetition of experiment I 
with the only difference that the ~uantities of the reagent s 
are three times those employed in experiment I. When reading 
through this thesis, one will find occasionally a statement to 
the effect that the filtrate of 5, 6, or 10 standard runs were 
used. This indicates that the amounts of reagents were five, 
six, or tenfold those employed in experiment I (standard Stowe 
procedure). 
As was explained in the introduction, it was at first be-
lieved that an 80 per cent yield of acetone was obtained by 
the Nef reaction.' 7 Consequently, as we see under experiment 
III, attempts were directed toward preparing a 2,4-dinitro-
z/ 
phenylhydrazone derivative of acetone. However, the results 
were not positive. Physical methods of separations were then 
employed. Experiments IV and V were devoted to rectification 
and vacuum distillation respectively of the filtrate of a 
6 
standard run. The failure of these experiments led to the po~ 
sibility, especially in the case of rectification, that ace-
tone was undergoing further changes under the influenc~ of ex-
cess acid when the reaction mixture was heated. Consequently, 
it was decided to subject several synthetic mixtures contain-
ing acetone to vacuum distillation and rectification. Experi-
ment VI describes the preparation of a synthetic mixture of 
sodium nitrite, hydrogen peroxide, sulfuric acid and acetone 
made up to a volume of 200-300cc. with di stilled water. The 
amount of acetone added was approximately equivalent to an So 
per cent conversion of 6 grams of 2-nitropropane to acetone. 
Approximately 25cc. of this mixture was su~jected to a vacuum 
distillation as described under experiment v. Acetone was not 
obtained. Thus, the above illustrates that a vacuum distilla-
tion technique is inadequate for isolation of small amounts of 
acetone. 
Experiment VII describes the rectification of an ordinary 
mixture of 150cc. of water and 4cc. of acetone. A fraction 
was obtained at a boiling range of 56-62°C. Here, we see that 
a small amount of acetone can be separated from a relatively 
large volume. It became necessary to determine if. the ordi-
nary reagents used in a standard run would interfere in the 
separation of aceton e by rectification. Thus, experiment VIII 
describes the rectification of a synthetic mixture of hydrogen 
peroxide, sulfuric acid, sodium nitrite, and acetone {equiva-
lent to an So per cent conversion of 2-nitropropane). The 
7 
8 
I 
I 
separation was succe ss f til, and acetone was obtained . At this 
point, from the results of experiments VII and VIII, it became 
doubtful that the Nef reaction produced a yield of 80 per cent 
of acetone in Stowe' s reaction if it occurred at all. If a 
high yield of acetone were produced , then rectificati on of the 
filtrate of a standard run described unde r experiment IV should 
have separated the ketone from the solution . Consequently , 
eithe r the Nef reaction does not occur, or else it proceeds to 
a much smaller extent than 80 per cent . The latter was found 
to be the actual case, and will be discussed later. 
Although experiments VII and VIII furnished evidence to 
support the theory that acetone was not undergoing any changes 
during rectification, such evidence could not be considered as 
conclusive proof. In experiment IV , rectification of 200cc. 
of the filtrate of a standard run was carried out in such a 
manner that total reflux was maintained for at least 45 min-
utes before the first fraction was taken in order to establish 
equilibrium. In experiment IX, in order to preclude any pos-
sible secondary reactions involving acetone during t he recti -
fication of the filtrate of a standard run, the first fraction 
was collected almost immed iately after refluxing had begun. 
With this difference , this experiment was carried out in the 
same manner as was experiment IV. Here again acetone was not 
obtained. E~periment X was then carried out this time neu-
tralizing the excess acid with potassium carbonate before rec-
tification in order to prevent any possible condensation reac-
tions of acetone. This was also unsuccessful. We have, with 
experiment IX and X, furth er evidence that the Nef react i on 
could not be proceeding to the extent of 80 pe r cent in Stowe 's 
reaction. Finally, it was decided to rectify the filtrate of 
a standard run (prepared as described under experiment II) in 
which the amounts of reagents were tripled. This rectifica-
tion is described under e xperiment XI. The results were posi-
tiva. A fraction was collected at 56-61 °C . A 2,4-dinitro -
phenylhydrazine derivative of acetone was prepared, and iden-
~' tified through its melting point. To be sure of the above re-
sults, experiment XI was repeated as described under experi-
ment XII. The same results were obtained. 
The next step in the analysis would obviously involve the 
quantitative determination of acetone . The method adopted for 
this determination was one described by Marasco involving the 
tr. 
use of hyd r oxylamine hydrochloride. Since the formation of 
the oxime is not quantitative, it is necessary to establish 
the exact relationship between the amounts of acetone and the 
hydrogen chloride liberated as a result of the oxime formation, 
i.e. the conversion factor. Th e reactions are as follows . 
c~.7 
+ ~ -.::?# . Ha;>' -.., ,C = .-c./1?'# r Nq" r #&?N 
&""~ 
#C., ..,_ .....,....~ (?;V - A/~ q r #e?N 
The concentrati on of liberated hydrogen chloride is dependent 
on the concentration of acetone. By fi rst employing known 
samples of acetone, one may determine the weight of acetone 
equivalent to lee. of a given strength of sodium hydroxide so-
9 
lution. When this so-called conversion factor has been deter-
mined, unknown concentrations of acetone may be determined 
fr om the volume of alkali employed in the titration. The fi-
nal results indicated that 28 to 30 per cent conversion to 
acetone took place, presumably through the Nef reaction. A 
description of the procedure developed by Marasco and employed 
in this work is described under experiment XIII • . Experiments 
XIII, XIV, and XV were carried out to establish the proper 
conversion factor. However, due to inconsistant results ob-
tained in experiments XIII and XIV, slight modifications had 
to be made in the procedure in order to make the detection of 
the end point easier. The results obtained from these three 
experiments are expressed in tables X , ><I , and X II (pages 6 0 , 
'I , and ~ .2. ) • 
In order to establish the amount of acetone produced in 
Stowe's reaction, the filtrate of a standard run (quantities 
tripled) was rec tified as described in experiment XI. The 
fir st , or acetone fraction was collected, and this transferred 
to a lOOcc. volumetric flask, and diluted to the mark with 
distilled water. A known volume of this solution was then 
analyzed with hydroxylamine hydrochloride as described under 
experiment XV. The results of three such experiments are sum-
marized in table I (page II ) • The conversion of 2-nitropropane 
to acetone in Stowe's reaction is, thus, approximately 28 to 
30 per cent. The per cent yield is undoubtedly larger in view 
of the amount of unreacted 2-nitropropane recovered in the ex-
10 
EXPERIMENT 
XVI I 
XVII 1 
XVIII If 
1. Carried 
2. Averag e 
3. Average 
4. Carried 
5. Average 
SUMMARY OF THE QUANTITATIVE ANALYSIS 
OF ACETONE IN STANDARD RUNS 
TABLE I (See pages 4' 3 and 6¥ ) 
YIELD OF THEORETICAL 
ACETONE BY YIELD OF 
ANALYSIS ACETONE 
2.61 :a. 10.50 grams grams 
3.46 grams 3 10.50 grams 
5.45 / 17.60 grams grams 
out with 3 times the quanti ties of' a 
of' 4 analyses; mean deviation :: 0.05 
of 4 analyses; mean deviation = 0. 04 
out with 5 times the quanti ties of a 
PER CENT 
CONVERSION 
22.19fa 
29.40% 
27.83% 
standard run. 
standard run. 
of 2 analyses; mean deviation • o.o 0 7 
11 
periments to be discussed later. 
At this point of the analysis only 50 per cent of the 2-
nitropropane could be accounted for. Approximately 20 per 
cent is converted to 2,3-dinitro-2,3-dimethylbutane, and 30 
per cent is converted to acetone. It was observed in experi-
ment XVI that the second fraction contained some droplets of 
an insoluble liquid. This was separated by means of a separa-
tory funnel. Since the distillate, or second fraction, may be 
saturated with this liquid, it was saturated with potassium 
carbonate in order to salt out whatever was in soluti on. More 
of the liquid separated, and was removed in the manner men-
tioned above. The liquid had a strong odor of 2-nitropropane, 
but an attempt to determine its boiling point led to decompo-
sition. The above is described more fully under experiment 
XIX. Since only a small amount of what was assumed to be 2-
nitropropane was thus obtained, it was decided to repeat this 
experiment, this time rectifying the filtrate of a sixfold run 
and extracting the second fraction with ether. However, a pro-
portionally smaller amount of the unknown liquid was obtained. 
Only 2 to 3cc. was obtained. Finally, to be sure that 2-nitro-
propane was actually present in this liquid obtained from the 
second fraction, a test was carried out as described under ex-
~~ 
periment XXI. The test was positive indicating the presence 
of a secondary nitroparaffin, which in this case must be 2-
nitropropane. Since the results of experiments XIX to XXI were 
unsatisfactory, another rectification was carried out on the 
12 
filtrate of a fivefold run, as described under experiment 
XXII, and the second fraction (80-97°C.) was steam distilled. 
This distillate was saturated with sodium chloride, and steam 
distilled. Three different solid substances were obtained in 
the distillate, all in very small quantiti es . The amounts 
were so small that it was only possible to obtain melting 
points. One melted at 185-190°0., and another at 52-61°C. 
The third substance was a semisolid. Since the melting point 
£ 2 d . . t //. . t h • . . t f 53 ° c t h . o · 2, - J.n:I. ropropane J.S J.n · e V:LCl.nJ. y o · ., ere l.S 
the possibility that the substance melting in the range of 52-
61°C. contains some of the dinitroparaffin. However, the 
amounts were so small that identification tests could not be 
made. 
As a result of the failure to isolate appreciable amounts 
of the by-products by rectification technique, it was decided 
to assume that the filtrate of a standard run contained ace-
tone, 2-nitropropane, acetone oxime, and hydroxylamine. A 
separation was then planned and followed. The proposed separa-
tion is shown on page /$- . The evidence f or the presence of 
acetone and 2-nitropropane has already been presented. Since 
it was previously suspected that the Nef reaction produced a 
yield of 80 per cent of acetone in Stowe's reaction, an as-
sumption was made that possibly more of the acetone existed 
as its oxime. The basis for the suggestion that acetone is 
present as its oxime, rests on a mechanism proposed by Nygaard, 
/'I 
in a patent describing the preparation of P'ropyl pseudonitrole 
13 
from 2-nitropropane. The actual presence of acetone oxime was 
established by Noland and Nygaard in work described in an ear-
lier patent. The formation of acetone oxime was envisioned by 
18 
Nygaard in the following mechanism. 
_,o 
.z(C'-tT) C= ..-- -r- :L#Ct' ~ 2{~~)z.t:=o ~~~oz. ..,t-.z..c-v ~ 
2. 't?# 
The proposed separation of these possible by- products is 
described in Figure i (page /J). However, as discussed under 
experiment XXIII, the bisulfite addition product of acetone, 
upon which the separation depended, could not be obtained. 
It was suspected that the reason for this was the oxidation of 
sodium bisulfite by the excess hydrogen peroxide present in 
the filtrate. To establish evidence to support this viewpoint, 
two synthetic mixtures were prepared and treated as described 
under experiments XXIV and XXV. Experiment XXIV illustrated 
that when sodium bisulfite and hydrogen peroxide are present 
in the neighborhood of the usual reagents of a standard run 
(2-nitropropane, 6N sulfuric acid), the bisulfite addition co~ 
pound of acetone cannot be formed. The fact that the mixture 
became warm when sodium bisulfite was added indicates a reac-
tion has occurred. That sulfur dioxide is not liberated when 
the solution is acidified, illustrates that the acetone bi-
sulfite compound is not formed . To go a step further, the bi-
sulfite anion could not be present at all. This indicates 
that bisulfite is oxidized by hydrogen peroxide . It will be 
14 
]fiGURE I 
PROPOSED SEPARATION OF 
' FILTRATE FROM A STANDARD RUN; ASSUMED TO CONTAIN 
ACETONE, 2-NI TROPROPANE, ACETONE OXIME, HYDROXYLAMINE 
1. Neutralize with sodium 
carbonate to a pH of 7. 
2. Add sodium bisulfite · 
(10-lSfo aqueous); allow 
to stand overnight. 
3. Ext ract with . ether. 
]).queous layer Ether layer 
[
Acetone bisulfite,] 
hydroxylamine [2-Nitroprop~na,] acetone ox~me 
Di st illate 
~rac­
ltionat e. 
[Acetone] 
1. Acidify to l-2N 
2. Blow out sulfur 
dioxide 
3. Distil., 
1. Evaporate 
mos ·b of ether. 
2. Extract with 
water . 
Aqueous layer Ether layer 
[Acetone oxime] [2-Nitropropane] 
1. Evap orate 1 Evap-
Resid ue :~~!ro~nder ~~:!~ . 
Hydroxylamine reduced 
sulfate pressure. r 2-Nitro- J 
propane 
Water 
2. Extra c·~ 
with 
h 
Ether layer 
[ Acetone 
l 
oxime] 
Evaporate 
ether . 
Residue 
[Aceto ne ox ime] 
15 
noticed that in experiment XXV , the order of addition of sodi-
um bisulfite and hydrogen peroxide was reversed. The fact 
that the solution did not become warm on addition of bisulfite, 
indicates that the reaction experienced in experiment XXIV did 
not occur . However , when hydrogen peroxide was add8d, and the 
solution acidified after standing, sulfur dioxide was not lib-
erated . Once more this illustrates the destruction of bisul -
fite. It must be noted that these experiments do not prove 
that hydrogen peroxide is the destructive a g ent . This is, how-
ever, a reasonable explana tion . (According to Ephraim, sulfites 
are oxidized to sulfates by hydrogen peroxide in either acid o 
I 
alkaline solution) . 
Following up the theory that sodium bisulfite was oxid ized 
by hydrogen peroxide, four experiments were carried out in a n 
attempt to de st r oy the hyd r oge n pe r oxide present in the fil -
trate of a st a ndard run . It wa s t hought tha t a fter elimination 
of hyd r ogen peroxide, acetone could b e isolated from the fil -
trate by me a ns of bisulfite . With this done, the other by-
products could be separated by the procedure described in the 
flo-sheet on page / J ..... 
Experiments XXVI and XXVII involved iodometric methods 
based on the following reaction. 
"".a. C' 2- + :J. H "" r .Z. I - ~ :Z. .N t:? # + Z" z. 
.z-z.. ..,.. .2. .s;, ~ = --.....,:;. 2 z - + s+- ~ = 
Thiosulfate is used to regenerate more iodide which, in turn, 
will react with more peroxide. The procedure employed under 
experiment XXVI was not successful in destroying the excess 
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h y drogen peroxide. It was thought that possibly oxidation of 
thiosuifate occurred before iodide could take effect, and that 
the combination of the two was insufficient to reduce the ex-
cess peroxide. Consequently , it was decided (experiment 
XXVII ), to add potassium iodide first, and then tr e a t the lib-
erated iodine with thiosulfate . 
As a result of the formation of a precipitate when the 
filtrate was treated with iodide , experiment XX VI I was discon-
tinued. I t was felt that secondary reactions were occurring 
which were probably causing changes in the by-products of the 
standard Stowe reaction . Such changes are highly undesirable. 
Since we were engaged in an attempt to elucidate Stowe ' s reac-
tion, unknown changes in the reaction products as a result of 
analysis would only introduce complicating factors. 
As a result of the failure to separate the by-products of 
the standard reaction by various means described in the pre-
vious experiments, it was decided to attempt to destroy the 
peroxide with potassium permanganate. This was followed by 
ste a m distillation in the hopes o f separating the volatile con-
stituents (acetone and 2-nitropropane) from any oxidizing 
agents that might still remain in the reaction mi xture. Had 
this been successful , it would have been much easier to finish 
the separations as described in the flo-sheet on page /~ • 
However, here again the bisulfite addition product of acetone 
could not be prepared . When sodium bisulfite was added t o the 
distillate aft e r ste am distillation, and acidifie d the nex t da~ 
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sulfur dioxide was not liberated. From the above, it is obvi-
ous that either all the peroxide is not destroyed by perman-
ganate and separated by steam distillation, or else some other 
unknown substance is carried over during the distillation 
which reacts with the bisulfite when it is added. Whichever 
was the case, acetone could not be isolated. Consequently, no 
further work was carried out. 
Two experiments, which cannot be included under any gen-
eralized heading, were carried out to obtain more conclusive 
evidence on the by-products of Stowe's reaction. As described 
under experiment XXIX, a portion of the filtrate of a standard 
run was subjected to strong acidification to note if any 
changes would occur. A solid substance precipitated on acidi-
fication which was designated as compound "X". It would not 
burn or melt when heated strongly with a Tirrell burner. In 
this respect, the substance appears to be a salt. No further 
work was done on "X". 
When the solution turned blue on acidification as describ-
ed under experiment XXIX, it was thought that this might be due 
to the presence of propyl pseudonitrole. Consequently, it was 
decided to separate the nitrole by extraction with carbon bi-
sulfide. The blue substance was removed from the aqueous medi-
um. However, when the extracts were distilled, nothing re-
mained behind. No apparent change occurred in the carbon bi-
sulfide solution during distillation. It was suggested that 
the blue color might be due to the presence of nitrogen tri-
18 
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oxide as a result of decomposition of nitrous acid. 
Experiment XXX was carried out with the idea that possibly 
volatile gases were liberated during a standard run. The re-
action was investigated in a closed vessel having a side arm 
connected to a trap maintained at about -80°C. Nothing was 
collected in the trap. 
Since a bottl e of 30 per cent hydrogen peroxide (super-
oxol) would, at times, be standing on the shelf for a period of 
one or two month s, there was the danger that it might lose a 
part of its strength through decomposition. Conse quently, ex-
periment XXXI was devoted to the standardization of first an 
aged s oluti on (one or two months old), and a fresh unopened 
bottle of hydrogen peroxide. An iodometric method was employed 
'I in the procedure. Excess iodide was added to the peroxide sol-
ution, and the liberated iodine titrated with standard thio-
sulfate. The equations are as follows. 
#:a.<?,._ r ~ .r- ~ .2. # r ~ I -r- .l- #- 0 
2... z. 
2. sz..q,= r-.z:&.... - ..S: <?.:: :r z. ..r-1-' & 
The aged solution had an average percentage of 34.4 per 
cent. The fresh solution was calculated to be 34.2 per cent. 
Consequently, no decomposition could have occurred. 
Experiments XXXII to LIV are concerned with various math-
ods used in the attempts to increase the yield of 2,3-dinitro-
2,3-dimethylbutane. One of the most obvious paths to take i s 
to employ conditions which will inhibit or elimihate any side 
reactions which are known to occur. The only side reaction 
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which is definitely known to occur is the Nef reaction (cf. 
page ~ ). Experiments XXXII through XXXVI wer~ conducted 
under conditions which , it is believed , are favorable for the 
Ne f reaction. It must be stressed, however , that no experi -
ments were carried out to prove that acetone was not formed as 
a by-product. That is, qualitative and quantitative determi -
nations for acetone, as described under experiments XI, XVI, 
and XVII, were not made in experiments XXXII-XXXVI. An ex-
planation should be made here that in many experiments the 
melting point of the precipitate obtained was not taken if the 
yield had not been increased above that of a standard Stowe 
reaction. It was assumed that the product in all such cases 
was 2 , 3-dinitro-2 , 3-dimethylbutane, or a mixture of the latter 
with propyl pseudonitrole. 
Of the experiments mentioned above in the attempts to 
eliminate the Nef reaction , the most successful was experiment 
XXXVI. In this experiment, a yield of 32 per cent was obtain -
ed which represents a 10 per cent increase over that obtained 
in Stowe ' s reaction . However, this cannot be considered a 
sufficient yield to warrant investigation of the mechanism . 
Consequently, no further work was directed along these lines. 
The results of experiments XXXII-XXXVI a r e expressed in tabular 
form on page 4 / • 
Experiments XXXVI I and XXXVIII were carried out in which 
the order of addition of tho usual reagents was varied . In 
experiment XXXVIII, as in experiment XXXVI , a ten per cent in-
20 
ATTEI>KPTS AT ELIMINATION OF THE NEF REACTION 
' 
TABLE II 
EXPERIMENT ~EUTRALIZA- 6N SULF URIC OTHER ACIDS YIE LD 
TION WI'fH ACID EMPLOYED 
Standard Run • 6N sulfuric 
acid lOco. 21.1% 
XXXII 50% 
acetic acid lOcc . 2).2fo 
XXXIII 12.5'/. carbon 
ac etic acid dioxide ga s 5. 7% 
XXIV carbon carbon 
dioxide gas dioxide gas negligible 
XXXV lOcc . 18 • .5% 
XXXVI acetic acid 
(1 : 7) lOcc. 32% 
• For comparison, th e results of a standard run are included in this table. 
:PAGE 
46 
78 
79 
80 
81 
82 
1'\) 
1-' 
crease in yield was obtained. The difference between experi-
ment XXXVII and a standard run was that a mixture of hydrogen 
peroxide and sodium nitrite was added to the neutral solution 
of aci-nitr opropane simultaneously with the addition of 12.5 
per cent acetic acid. In the standard run, the nitrite is 
mixed with the alkaline solution of potassium nitropropane, 
prior to neutralization and treatment with acid hydrogen per-
oxide. However, experiment XXXVII yielded no precipitate. 
Solid sodium nitrite was then added to the reaction mixture; a 
precipitate separated. From its melting point (73-74°0 .) it 
~ppeared to be propyl pseudonitrole. 
Experiment XXXVIII was carried out in the same manner as 
a standard run except that hal£ the mixture of hydrogen per-
oxide and sulfuric acid was added at a much slower rate. Th e 
precipitate that formed was filtered, and the rest of the 
acid-peroxide mixture was added at the same rate as b efore to 
the filtrate. 
Experiments XXXIX, XL, and XLI describe attempts to in-
crease the yield by employing lower temperatures. These ex -
periments were carried out in the same manner as a standard 
run except for the temperature . It was found, that the lower 
the temperature at which the run was carried out, the lower 
was the yield. Th e results are summarized in table iii( page23). 
The next three experiments as well as the rest of the ex-
periments described later that were used in the investigation 
of Stowe ' s reaction, were initiated in the hope that co n ditions 
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EXPERIMENT 2-NI'rRO- 29fo 
PROPANE POTASSIUM 
HYDROXIDE 
XXXIX 6 grams 14cc. 
(0.07 (0.1 
mole) mole) 
XL 12 grams 28cc . 
(0.14 (0.2 
mole ) mole) 
XLI 6 gram s 14cc. 
(0.07 (0.1 
mole) mole ) 
VARIANCE OF TEMPERATURE 
TABLE III {See Page 8/ ) 
SODIUM 30fo 6N 
NITRITE HYDROGEN SULFURIC 
PEROXIDE ACID 
S grams lOcc. lOcc. 
(0,.07 (0 .098 (0.03 
mole) mole) mol e ) 
S grams 20cc. 20cc. 
(0.07 (0.19 (o.o6 
mole) mole) mole) 
S grams lOcc . lOcc. 
(0.07 (0.098 (0.03 
mole ) mole) mo le) 
TEMPERATURE 
-S0 to - 4°C. 
-10° to -S 0 c. 
-1S 0 to - 10° C. 
YIELD 
18.3fo 
12 s6fo 
Very Low 
1\:) 
l.V 
could be found that would increase the amount of a reactive 
intermediate or species which would lead to higher yields of 
2,3-dinitro-2,3-dimethylbutane. Thinking that possibly a re-
active intermediate is formed by the reaction of hydrogen per-
oxide and sodium nitrite, experiments XLII, XLIII, and XLIV 
were carried out. In these runs a large excess of hydrogen 
peroxide and sodium nitrite was employed. Experiment XLII in-
volved adding sulfuric acid (6N) to a neutral solution con-
taining the salt of 2-nitropropane and a large excess of sodi-
um nitrite and hydrogen peroxide . Th e yield was 20 per cent. 
Experiment XLIII was carried out to determine what effect 
in yields would be obtained if sulfuric acid was added to an 
aqueous solution of the normal 2-nitropropane and an excess of 
sodium nitrite and hydrogen peroxide. The results were in-
teresting since no precipitate was obt ained. 
In experiment XLIV , the standard reaction was rever~ed, 
at the same time employing a larg e excess of sodium nitrite 
and hydrogen peroxide. A solution containing the salt of 2-
nitropropane and sodium nitrite was added to a solution of hy-
drogen peroxide and sulfuric acid. The yield, however, was 
only 15 per cent. The results of experiments XLII, XLIII , and 
XLIV are tabulated on page2f. 
Experiment s XLV, XLVI, and XLVII employed the use of ni-
trogen dioxide gas in the hope that this might be the reactive 
component in the standard Stowe reacti on . In experiment XLV, 
nitrogen dioxide gas was bubbled through a neutral solution 
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SO LUTI ON 
A 
B 
SOLUTION 
A 
B 
LARGE EXCESS OF HYDROGEN PEROXIDE AND SODIUM NI 'rRI 'fE 
TABLE IV 
EXPERIMEN'r XLII YIELD = 20f, (S ee Page 88 ) 
2-NITRO- SODIUM 30f, 
PROPANE NITRI ~l'E HYDROGEN 
PEROXIDE 
8.8 grams 
(0.098 mole ) 
67 gram s 60cc. 
(0 .97 mol e ) {0.59 mole) 
LARGE EXCESS OF HYDROGEN PEROXIDE AND SODIUM NITRITE 
EXPERIMENT XLIV 
2-NITRO-
PROPANE 
8.8 grams 
(0.098 mole ) 
lOf, 
POTASS I UM 
HYDROXIDE 
60cc . 
(0.1 mole ) 
TABLE V 
YIELD = 15fo (S ee Pag e 9o ) 
SODima 
NI'rRI'rE 
67 grams 
(0.97 mo l e ) 
30f, 
HYDROGE N 
PEROXIDE 
160cc . 
(1.57 mole ) 
lOf, 
POTASSIUM 
HYDROXIDE 
6occ. 
{0.1 mole) 
6N 
SULFURIC 
AC ID 
lOOcc. 
( 0 .3 0 mole ) 
1\) 
\.r\ 
containing aci-2-nitropropane, sodium nitrite, and hydrogen 
peroxide. A 33 per cent yield of propyl pseudonitrole was ob-
tained. Experiment XLVI was carried out in the same manner as 
XLV except that sodium nitrite was excluded. The melting 
point of the product indicated that it was a mixture of propyl 
pseudo nitrole, and 2,3-dinitro-2,3-dimethylbutane . Exp eriment 
XLVII was carried out like experiment XLV except that both 
sodium nitrite and hydrogen peroxide were omitted. The yield 
of propyl pseud onitro le was low (0.1 gram). The results of 
the nitrogen di oxide experiments are tabulated on page Z 7. 
Experiments XLVIII, XLIX, L, and LI were carried out 
0 
using nitric oxide for the same reason that nitrogen dioxide 
was used in the previous experiments. Experiment XLIX involv-
ad passing nitric oxide through a neutral solution of aci-2-
nitropropane and hydrogen peroxide in an atmosphere of nitro-
gen. As nitric oxide was bubbling through the solution, ace-
tic acid (1:7) was slowly introduced from a dropping funnel. 
The yi eld was only o.8 gram (4.5 per cent) of the dimer. Pro -
pyl pseudonitrole was not formed. In experiment L, 2-nitro-
propane was dissolved in potassium hydroxide and neutralized 
with ac et ic acid as in XLIX. Hydrogen peroxide and sulfuric 
acid was then added. The apparatus was flus hed with nitrogen, 
and nit ric oxide introduced. The yi e ld was only 0.3 gram of 
the dimer . Propyl pseudonitrole was not formed. 
In experiment LI, 2-nitropropane was dissolved in potas-
sium hydroxide and neutralized with acetic acid (1:7). Hydro-
26 
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I 
NITROGEN DIOXIDE ~ 
TABLE VI (See Page 'I I ) 
EXPERIMENT 2-NI~rRO- 29fo SODIUM 30fo NEUTRALIZED YD~LD 
PROPANE POTASSIUM NI'l'RITE HYDROGEN WITH 
HYDROXID:F~ PEROXIDE 
XLV 12 grams 28cc. 10 grams 20cc. acetic acid 5.0 grams 
{0.135 {0.2 (0.14 (0.19 (1:7) 33fc of p;r:opyl 
mole) mole) mole) mole) pseudonitrole 
XLVI 6 grams 14cc. lOcc. acetic acid 1.8 grams 
(0.07 (0.1 (0.098 (1:7) (mixture) 
mole) mole) mole) 
XLVII 6 grams 14cc. acetic acid o.l. gram 
(0.07 (0.1 (1&7) of propyl 
mole) mole) pseudonitrole 
*Nitro gen dioxide was used to replace excess acid. It was also used to replace excess 
acid and nitrite in experiments XLVI and XLVII. 
1\) 
-.:! 
gen peroxide and concentrated nitric acid were added . The 
system was flushed with nitrogen, and nitric oxide introduced. 
A yield of 1.2 grams (6.8 per cent) is obtained. This is the 
highest yield obtained in any experiment employ i n g nitrogen 
dioxide or nitric oxide . The results of the nitric oxide ex-
periments discussed above are tabulated 011 page .2.'1 . 
Two runs were carried out employing nitrous oxide. I n ex-
periment LII, 2-nitropropane was dissolved in potassium hy-
d roxi de which was neutralized subsequently with acetic acid 
(1:7)a Hydrogen peroxide , and sulfuric acid were added to the 
neutral solution in bulk, and nitrous oxide. introduced. Th ere 
were two lay e~s foun d at the conclusion of the exp eriment 
which were separated. A boiling point of the top layer was 
determined (119-l21 ° C.) . This liquid, which amounted to 53 p er 
cer1t of the quant i-'cy of 2-ni·tropropane employed, was presumably 
2-nitropropane. It wasn ' t until approximately 16 ho urs later 
that a precipitate separated fro m the aqueous laye r on s tand-
ing in a stoppered flask. This was filter ed . Its weight was 
0.3 gram. This was 2,3-dinitro -2,3-d imethylbutane. This r ep -
resents an extremely low yield since 47 per cent of the origi-
nal 30 grams of 2-nit rop r opane was not recovered~ I n experi-
ment LIII , an entirely different procedure was employed. 
Fir st water was saturated with nitrous oxide then solid potas -
s i um hydroxid e was dissolved in the solution. When all was in 
solution , 2-nitropropane was introduced in bulk, and d isso lve~ 
Th e solution was then neutralized wi th dilute acetic acid 
28 
NI'rRIC OXIDE -il. 
TABLE VII (See Page 9 :J ) 
EXPER- 2-NITRO- ACETIC 6N CONCEN- 30% 291o 
I ME NT PROPANE ACID SUL- TRATED HYDROGEN POTASSIUM 
(1:7) FURIC NITRIC PEROXIDE HYDROXIDE 
ACID ACID 
XLVIII 18 grams 30cc. 42cc. 
(0.21 (0.29 (0.3 
mole) mole) mole) 
XLIX 18 grams 30cc. 30cc. 42cc. 
(0.21 (0.29 (0.3 
mole) mole) mole} 
L 18 grams 30cc. 30co. 42cc., 
(0.21 (0.09 (0.29 (0.3 
mole) mole) mole) mole) 
LI 18 grams llcc. 30cc . 42cc. 
(0.21 (0.24 (0.29 (0.3 
mol e ) mole) mole) mole ) 
~Nitric oxide was used to replace sodium nitrite. 
NEU'rHAL-
IZED 
WITH 
acetic 
acid 
(1:7) 
acetic 
acid 
(1:7) 
acetic 
acid 
(1:7) 
acetic 
a c id 
(1:7) 
YIELD OF 
2,3-DINITRO~ 
2, 3-D IME THYL-
BUTANE 
6.2fc 
4 • .?fo 
2e0fo 
6.Bto 
1\.) 
'-/) 
(1:7). While nitrous oxide was being introduc e d, a mixture of 
hydrogen peroxide and sulfuric acid was added slowly dropwise. 
As in experime nt LII, two layers were obtained. The top laye~ 
again determined to be 2-nitropropane by its boiling point and 
odor, represented a recovery of 70 per cent. No precipitate 
had formed. Tha aqueou s layer, however , on standing overnieht 
i n a cl os ed flask, yielded a precipitate weighing 0.26 gram & 
Thinking that possibly the 2-nitropropane had di sso l ved some 
of the dimer, it was distilled. A residue was left behind 
weighing 0.54 gram. Since the volume of the aqueous layer was 
approximately 300cc. it is conceivable that about 5 grams of 
2-nitropropane was present in solution. If that's the case , 
then 26 gram s of the original 30 grams of 2-nitropropane may 
be accounted for. Since the total weight of solid product was 
o.Bo gram, the yield was approximately 20 per cent of the 
dimer. The re su lt s of the nitrous oxide experiments discussed 
above a re tabulated on page :J/ . 
The last experiment o£ this pro j ect, experiment LIV, was 
an att empt to determine if acetone may pos s ibly be acting as 
an i ntermedi ate in the formation of 2,3-dinitro-2,3-dimethyl-
butane. 2-Nitroprop ane was disso lved in potassium hydroxide, 
and s odium nitrite added . At this point, 5c c. of ac e to ne was 
i n trod u ced. The solution was neutralized with sulfuric acid. 
Hyd rogen peroxide and sulfuric acid was then added slowlt drop-
wi se . Only 1.1 grams of the pr oduct was obtained indicatin g 
that acetone was not acting as an intermed~ate i n the forma-
30 
NI'l'ROUS OXIDE 
TABLE VI I I ( S e e Page 9 7 ) 
EXPER- 2-NITRO- 29% 30% 6N NEU'fRALIZED .RECOVERED YIJt~LD OF 
I MEN':C PROPANE POTASSIUM HYDROGEN , SUL- WITH 2-NITRO- 2 ,3-D IN I'£RO-
HYDROXIDE PEROXIDE FURIC PROPANE 2,3-DIMETI-IYL-
ACID BUTANE 
30 grams 75cc. 50cc. ,5'0cc. 16 grams I LII acetic acid 0 .3 0 gram (0.35 (0.50 (0.48 (0.15 (la7) 
mole) mole) mole ) mole) 
LII I1 30 grams 75cc. 50cc. 50 cc . acetic acid 21 grams o.8o gram (0.35 (0.50 (0.48 (0.15 (1:7) 
mole ) mole) mo le) mole) 
1. In this experiment the recovered 2-ni tropropane was not distilled to collect any 
2,3-dinitro-2,3-dimethylbutane which might have dissolved. 
tAqu eous solution was presaturated with nitrous oxide. 
w 
~ 
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tion of the dimer . 
The author beli eves that the first attempts to isolate 
acetone from the filtrate of a standard run de sc ribed under 
experiments III-V and IX-X were failur es because the amount of 
acetone present in the solution analyzed was too small. It 
was found in experiment IV that during rectification of the 
filtrate of a standard run the temperature at the still - head 
remained constant at 57°C. for 10 minutes and then gradually 
increased. It appears from this that the small amount o f ~ce­
tone present (approximately 1.1 grams from quantitative data 
discussed previously) may have volatili zed out of the r e ctify-
i n g column during refluxing. If this were the case, the tem-
perature would be observed to rise gradually after volatili za-
tion of the acetone, as was actually observed. However , as 
mentioned in the discussion and described under experiment XI, 
rectification of the filtrate of a run in which the quantiti es 
were tripled finally led to the separation of acetone. In 
both cases the concentration of acetone is the same , but the 
larger quanti ty of the ketone in the second case is sufficient 
to make its separation easier. 
The synthetic mixtures described under experiment s VI, 
VII, and VIII offer some eviden~e (not proof) that less than 
80 per cent of the 2-nitropropane is converted to acetone in a 
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standard run, since an amount of acetone equivalent to 80 per 
cent conversion to this ketone was added to these synthetic 
mixtures, and separated by rectification. 
As was shown in experiments XVI , XVII, and XVIII, the 
quanti tative determination of acetone demonstrated that only 
30 per cent of the 2 - nitropropane was converted to acet one . 
Several attempts were directed towards isolating any un-
reacted 2-nitropropane. The most logical place to look for 
the latter is the second fraction of the rectification of a 
standard run . In fact, droplets of an insoluble liquid having 
the odor of 2- nitropropane were found in this fraction. In 
e x periments XIX and XX, attempts to isolate the nitroparaffin 
by saturation with potassium carbonate, and ether extractions 
only yielded , at the most , 10 to 15 per cent of the original 
amount of 2-nitropropane . However, a boiling point of the 
latter could not be obtained due to de composition . This ob-
viously meant that the 2-nitropropane isolated was contami -
nated with some unknown substance . That 2-nitropropane was 
actually present in the crude product isolated fr om the second 
fraction of the rectification of a standard run was indicated 
in experiment XXI in which the '' red, white, and blue reaction " 
~/ 
was carried out. The results obtained in this experiment in-
dicated the presence of a secondary nitroparaffin. Unfortu-
nately , this test does not constitute proof of the presence of 
2 - nitropropane since aqueous sodium nitrite on acidification 
turns eit he r green or blue as a result of decomposition to 
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nitrogen trioxid e . The failure to isolate any by-products 
from the filtrate of a standard run by the proposed method 
(Fig. 1 , page /.J'), was due chiefly if not entirely to the 
presence of unreacted hydrogen peroxide which brought about 
oxidation of the bisulfite reagent. Consequently, acetone 
could not be separated as the bisulfite addition product. 
This was clearly illustrated in experiments XXIV and XXV. 
Consequently, several attempts to destroy the excess peroxide 
by iodometric methods were made. However, in each case the 
method failed. The attempt to destroy hydrogen peroxid e by 
permanganate al so failed. 
If one may deduce from the experiments discussed above 
that 10 per cent of un react e d 2-nitropropane has been recov-
ered t h e n the yield of 2,3-dinitro-2,3-dimethylbutane has been 
increased from 21 per cent to 24 per cent in Stowe's reactio~~ 
In additio n a 34 per cent conversion of 2-nitropropane to ace-
tone c an be said to occur in Stowe's reaction. Consequently, 
approximately 60 per cent of the amo unt of 2-ni tropropane 
which has entered into r e action can be accounted for. The 
other by-products of the standard Stowe reaction are not known 
and must be determined or eliminat ed before kinetic studies 
can be made . 
/ 7 
As describ ed in the introduction , the Nef reaction oc-
curred as a result of the action of a strong mineral acid, 
such as sulfuric or hydrochloric acid, on the alkali salt of 
the nitroparaffin at reduced temperatures. Therefore, one 
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would assume, that to eliminate or suppress this side reaction 
would call for the use of weak acids in place of the strong 
mineral acid. However, in every case it appears that suppres• 
sian of the Nef reaction is attended with suppression of the 
dimerization of 2-nitropropane. In other words, the condi-
tions favoring the Nef reaction are closely allied to the con-
ditions that are favorable for the diroerization. The onl y oc-
casion in which the yield was increased (by approximately 10 
per cent) was e xperiment XXXVI in which sulfuric acid was add-
ed rapidly after neutralization with acetic acid. 
Experiment XXXVIII was carried out exactly as a standard 
run except that only half of the mixture of hydrogen peroxide 
and sulfuric acid was added first. After filtering the dimer, 
the other half of the mixture was added. A 10 per cent in-
crease in yield was obtained over that of the standard Stowe 
reaction. It was suggested that this experiment indicated 
that some decomposition of 2,3-dinitro -2,3-dimethylbutane oc-
curred during a standard run. 
From the experiments in which the temperatures were 
varied, it has been found that the lower the temperature em-
ployed during a run, the lower will be the yield of the dimer. 
Of course, this statement is limited to a temperature of -15°C. 
the lowest temperature used in carrying out a run. 
Experiments XLII, XLIII, and XLIV represented the first 
attempts to increase the yield of dimer by increasing the con-
centration of some unknown reactive intermediate. With the 
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idea that the latter may be connected in some way with the 
reaction between hydrogen peroxide and sodium nitrite, rela-
tively large amounts of these reagents were employed in the 
three experiments above. However, experiments XLII and XLIV 
did not change the yield of the dimer to any appreciable ex-
tent . (However , see page4' 1). 
Experiment XLIII is very significant, on the other hand . 
In thi s experiment the 2-nitropropane was simply dissolved i n 
water and treated with large amounts of sodium nitrite and 
hydrogen peroxide. Then sulfuric acid was slowly added drop-
wise . No precipitate was form ed . It appears f rom this ex-
periment that the aci-form of 2-nitropropane i s required for 
the conversion of the latter to the dime r, since experiments 
XLII and XLIV were carried out under similar condition s using 
the aci-form of the nitroparaffin. 
Exp eriments XLV to LIII, involving the use of oxides of 
nitro gen in an attempt to increase the yi e ld of the dimer, are 
probably the most interesting. As a preliminary step , a dis-
a 
cussion of the chemistry of oxide s of nitrogen is in order. 
Start ing with sodium nitrite we have on acidification 
( 1) 
However, nitrous acid is not stable and easily decomposes into 
its anhydrid e and water. 
( 2) 
---
The anhydride may then split up into nitrogen dioxide and ni-
tric oxide. 
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( 3 ) ~ 0:, - A/'~ -r ....c.-/c:::> 
Nitrogen dioxide may then react with water to form nitrous 
acid and nitric acid, and the cycle repeated with nitrous acid. 
(4) 
----
-
Meanwhile, nitric oxide may be oxidized either by oxygen or 
oxidizing agents, such as hydrogen peroxide, to nitrogen di-
oxide wh ich, in turn, will react according to (4) . 
(5) 
According to Ephraim , the reactions above do occur in an ac id 
medium. However , before any discussion can be offered , there 
are two other factors to be considered . First, the decompo-
sition of nitrous acid to its anhydride, according to (2), is 
obviously dependent upon the amount o£ water p re sent . I£ 
large amounts of water are present, equation (2) will be 
shifted to the left , and nitrous acid will not decompo se to any 
great extent . Second, in the presence of hydrogen peroxide, 
any nitric oxide present can be oxidized to nitrogen dioxide 
and nitrous acid oxidized to nitric acid by the series of r e -
actions above . Speculating from these two factors, it is be-
lieved that under the conditions used in the experiments with 
ox i des of nitrogen , the decomposition of n itrous acid is p r ob-
ably not a ppre c iabl e ( even in th e p resence of 30 - 50 per cent 
nitric acid), a nd fu r ther that it is either oxidized to nitric 
acid or undergoes a r e acti on with the aci-form of 2-nitro -
propane to form propyl pseudonitrole. 
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If one compares experiment XLV, and XLVI, it will be 
found that the only difference in the two is that LV has so-
dium nitrite present whereas XLVI do es not. We see, that i n 
XLV a relatively high yield of propyl pseudonitrole is pro-
duoed with probably a smal l amount of the dimer since the 
melting point of the product (69-72 °0 .) i s sl ightly lower than 
pure pseudonitrole (75°c. ). In experiment XLVI, however, most 
of the product appears to be the dimer by its melti n g point 
(190°C.). Meanwhile, what is ha paning to the nitrogen di-
ox id e? Well, from the discussion of the oxides of nitrogen 
above, we would expect reaction (3) to occur. 
Nitrous acid , again, may be oxidized to nitric acid, or it may 
react with 2-nitropropane to produce th e nitrole. I t i s seen 
that we are led to conc l ude that probably nitric acid is the 
i mportant factor in tho conversion of 2-nitropropane to the 
dimer . Thus, it can be said that i n exper iment XLV, the 
amount of nitrous acid is great er than that of nitric ac id and 
th e f ormation of propyl ps eudonitrole is favored. However, 
the l atter reaction is in competition with the oxidation of 
n~trous acid to nitric acid by peroxide, and this may be the 
explanation f or a yield of only 33 per cent. In expe riment 
XLVI, the amount of nitric acid should be a lit tle greater than 
that of nitrous acid since no nitrite has been employed here. 
This should then yield more of the dimer than the pseudoni-
trole which was actually found. The results of experiment 
XLVIII are also understood by the above proposal. In this 
experiment, both nitrite and peroxide are absent. Thus, ni-
trous and nitric acids must only be formed as a result of re-
action (3) above. Since the run was carried out for only 75 
minutes, the amounts of reactive acids formed must be small 
accounting for the low yield. Since most of this product i s 
propyl pseudonitrole, it appears that the rate of reaction be-
tween nitrous acid and 2-nitropropane is faster than that be-
tween nitric acid and 2-nitrop ropane. However, the latter 
statement cannot be rigorously mai ntained since the experi-
ments with nitric oxide indicat e the contrary. 
Experiments XLVIII, XLIX, L, and LI were devoted to ni-
tric oxide. Experiment XLVIII involved passing nitric oxide 
through a solution containing a neutral solution of aei-2-
nitropropane. Hydrogen peroxide was also present. Exp e ri-
ments XLIX, L, and LI were all the same with the exception 
that in XLIX acetic acid was also added, in L sulfuric acid, 
and in LI nitric acid. Propyl pseudonitrole was not formed in 
any of these experiments. According to the discussion on the 
oxides of nitrogen it would be expected that first nitric 
oxide would be oxidized to nitrogen dioxide by hydrogen per-
oxide according to (5). Nitrogen dioxide could then react 
with water to form nitrous and nitric acids as shown in reac-
tion (4). These acids will then react with 2-nitrop ropane as 
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discussed above. However, if the proposal made above we re 
correct, more propyl pseudonitrole should be formed than the 
diroer. However, this was not the case. At the present mo-
ment this apparent contradiction cannot be explained by the 
evidence on hand. However, outside of this contradiction, the 
theory explains the results satisfactorily. It must be kept 
in mind that in these experiments the Nef reaction is a seri-
ous competitor, and can very likely be the reason why the 
yield of the dimer is not very high. In experiment LI, the 
use of nitric acid should increase the yield of dimer in spite 
of the Nef reaction. This has been found to be the case. The 
yield here is over 3 times that of experiment L, and 1.5 times 
that of experiment XLIX. When comparing experiments XLVIII 
~nd LI, it is observed that the yields are nearly the same . 
This may be explained with the statement that since no acid is 
used in experiment XLVIII, the Nef reaction is not a serious 
competitor to the oxidative dimerization of 2-nitropropane . 
On the other hand, in LI, the presence of nitric acid will not 
only increase the yield of dimer, but will also bring about 
the Nef reac tion . The two opposite effects practically cancel 
each other, and the results are as though no nitric acid was 
pre sent at all. 
The results of experiments LII and LIII, involving ni-
trous oxide, are also in agreement with the proposal made 
above. Nitrous oxide is stable to strong oxidizing agents 
( f<,..,ht:?~ -r ~ o ) . Hydrogen pe:r,-oxide is not strong enough 
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to yield any appreciable amounts of these reactive acids. In 
these experiments , large amounts of 2-nitropropane were recov-
ered. This explains the low yield obtained, however, it can-
not be the full explanation , since in experiment LII at least 
11 grams of 2-nitropropane (0. 12 mole) was used up, and in ex-
periment LIII at least 4 grams (0.04 mole) reacted. Experi-
menta LII and LIII have a special interes t since in no other 
experiments has a part of the 2-nitropropane come out of solu-
t7 
tion as a separate layer. In considering the Nef reaction the 
possibility that the nitrous oxide experiments represent a re-
versal of the Nef reaction should be exami ned . Nef's original 
7 
paper and the review on nitroparaffins by Haas and Riley re-
port no cases of the reversal or inhibition of Nef ' s reaction. 
The conclusion above brings us to the point where experi -
mants XLII and XLIV, in which a large excess of sodium nitrite 
and hydrogen peroxide were used, must be reconsidered. It was 
suggested that since the time involved to carry out this ex -
periment was much longer than that of a standard run, equilib-
rium might have been established between aci-2-nitropropane 
and normal-2-nitropropane . This equilibrium fav ors the normal 
form to a greater extent, thus, preventing high yields of 2,3-
'~ dinitro-2,3-dimethylbutane. 
In the light of the results and conclusions made above , 
i t would be interesting to discuss the conditions which would 
be considered favorable for the oxidative dimerization of 2-
nitropropane. First, the Nef reaction must be inhibited to as 
4 2 
great an extent as possible . This means that a weak acid 
should be used in the neutrali zation step . An aqueous solu -
tion saturated with nitrous oxide should also be employed . 
This should be followed by the addition of a large e x cess of a 
saturated aqueous solution of sodium nitrate . Nit r ic acid 
should then b e added dropwise as quickly as possi le with vig-
orous stirring . 
Nothing is mentioned here about the rate of the raaction. 
If nitrate i s the reactive specie, it is diffi cu _t to p r edict 
from the evidence gathered in this thesis whether the rate 
determining step i s the conversion of nitrite to nitrate or the 
reac tion between nitrate and the aci-form of 2-nitropropane. 
It should be understood as well that the success in the oxida-
tive dimerizat io n of 2-nitropropana is also dependent on the 
amount of its aci-form at the time it reacts with nitrate ~ 
That is, if in the neutralization step, the aci-form quickly 
isomerizes to the normal form, particularly if the rate of 
isomerization if faster than the rate of reaction between ni -
trate an d aci-2-nitropropane, the conversion to dimer will be 
correspondingly low~ 
I t is , also , not kn own whether or not the reaction be-
tween nitrate and ac i-2-n itropropane is acid catalyzed~ 
of course, wil l have to be determined . 
This , 
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REAGENT 
2,4-Dinitrophenyl-
hydrazine 
Hydrochloric Acid 
Hydrogen Peroxide 
Hydroxylamine 
Hydrochloride 
2-Nitropropane 
Potassium Carbonate 
Potassium Hydroxide 
Potassium Iodide 
Pota ssium Permanganate 
Sodium Bisulfite 
Sodium Chloride 
Sodium Nitrite 
Sodium Thiosulfat e 
Pentahydrate 
Sulfuric Acid 
~AGENTS 
TABLE IX 
f3RAND 
Eastman 
Baker 
Mark (Superoxol) 
Paragon 
Comruer c ie.l 
Solvents 
Bak er 
:Merk 
Mark 
Baker 
Baker 
Mark 
Baker 
Baker 
Bake r 
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QUALITY 
C.P. 
C.P. 
c.P. 
Tech. 
C.P. 
A.c.s. Spec. 
A. c. s. Spec. 
C.P. 
C.P. 
A.c.s. Spec . 
A.c.s. Spec. 
C.P. 
C.P. 
EXPERIMENTAL 
2I!Ng!Bg EB~E!E~!!QN Q! g~~=~!N!!BQ=g~~=~!M~!~X~~g!~~! 
As Q!Y!l!N ~X .2!QP-. -'2.. o/ 
Experiment I 
Approximately 6 grams of 2-nitropropane {0.07 mole) was 
dissolved in lScc. of 29 per cent potassium hydroxide (0.1 
mole) by shaking in a glass-stoppered bottle. Ice was added 
to keep the temperature at a minimum. The solution was trans-
ferred to a three-necked flask equipped with a dropping funnel, 
a mechanical stirrer, and a thermometer. An aqueous solution 
of approximately 2Scc. containing S grams or sodium n i trite 
(0.072 mole) was added in bulk while the mixture was stirred. 
Ice was continuously introduced to maintain the temperature at 
0°C. throughout the experiment. The solution was then neu-
tralized to a phenolphthalein end point with 6N sulfuric acid. 
A mixture of lOcc. of 30 per cent hydrogen peroxide (0.098 
mole) and lOcc. of 6N sulfuric acid (0.03 mole) was added 
slowly to the neutralized solution with constant stirring. 
During this addition, the solution slowly acquired a blue col-
oration and a white precipitate was formed. At the end of the 
addition, the apparatus was dismantled, and the precipitate 
filtered and washed with water. The filtrate was stored in a 
SOOcc. flask to be used for analysis. 
The yield of crude product was 1.25 grams (21.1 per cent). 
Y~P. ; 200-20S0 c. The melting point of the pure product is 
208.4-209°0. 
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(Quantities Tripled) 
Experiment II 
Approximately 18 grams (0.202 mole) o£ 2-nitropropane was 
dissolved in 45cc. o£ 29 per cent potassium hydroxide (0.3 
mole) by shaking in a glass-stoppered bottle. Ice was added 
to maintain a minimum temperature. This solution was trans-
ferred to a 1 liter, three-necked flask equipped with a drop-
ping funnel, a mechanical stirrer, and a thermometer. An 
aqueous solution of 15 grams (0.278 mole) of sodium nitrite 
was added to the above solution. Stirring was started. The 
excess alkali was neutralized with 6N sulfuric acid using phe-
nolphthalein as the indicator. The temperature of the reac-
tion mixture was maintained at 0°C. throughout the experiment 
by adding ice. The flask was immersed in an ice-salt bath. 
To the neutralized solution was added from 
a mixture of 30cc. of 30 per cent hydrogen 
and 30cc. of 6N sulfuric acid (0.09 mole). 
the dropping funnel, , 
peroxide (0.29 mole) l 
The appearance of 
the reaction mixture throughout the experiment was the same as 
that of a single run. The precipitate was filtered, washed 
and dried in a desiccator. The weight of the dried precipitate 
was 3.6 grams. This represents a yield of approximately 20 per 
cent. The melting point was 200-205°C. 
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2,4-Dinitrophenylhydrazine 
Experiment III 
A mixture of 1.5 grams of 2,4-dinitrophenylhydrazine 
1/ 
(0.0075 mole), 2.0cc. of the filtrate of experiment I describ-
ed on page9~, and lOOcc. of 95 per cent alcohol was heated to 
the boiling point in a 250cc. round bottom flask equipped with 
a reflux condens~r. To the boiling solution was added 2cc. of 
concentrated hydrochloric acid (Sp. Gr. : 1.178). The solu-
tion was refluxed for 2 to 5 minutes and then allowed to cool 
to room temperature. 
After cooling, a crystalline precipitate was formed which 
had the characteristic red color of the original 2,4-dinitro-
phenylhydrazine. This was filtered, washed with cold water, 
and dried. The precipitate was recrystallized from ethyl ace-
tate, and a melting point taken. The meltin g point was that 
of 2,4-dinitrophenylhydrazinea 196-197oc. with slight decom-
'~ position. 
48 
Rectification Of The Filtrate 0£ A Standard Run 
Experiment IV 
A rectifying column having a total-condensation, variable 
take-of£ still-head was used to rectify the filtrate o£ a 
standard run described under Experiment I. The column had the 
following dimensions. The innermost tube through which the 
vapors were passed and partially condensed was filled with t 
inch diameter, single turn pyrex glass helices (Scientific 
Glass Apparatus Co., Bloomfield, N. J.). This tube had a 
length o£ 42 inches, and a diameter o£ ~ inch. Another glass 
tube (length - 40 inches, diameter-1.5 inches) fitting snugly 
over the first, had high resistance chromel wire wound around 
its perimeter for heating purposes. This wire was connected 
to a "Variac" which regulated the flow o£ current, and thus 
contro~d the temperature o£ the column. The temperature o£ 
the column was registered by a thermometer attached to the 
side o£ the inner tube by means o£ asbestos cord. A third 
larger tube (length- 40 inches, diameter- 2 inches), acting 
as an air jacket, was fitted over the heating element. The 
purpose o£ the air jacket was to prevent heat loses which 
otherwise would make the establishment o£ equilibrium impos-
sible. All joints were 24/40 standard taper. 
Using the above column, the following procedure was car-
ried out. Approximately 200cc. o£ the filtrate o£ a standard 
run, described under experiment I, was transferred to a 500cc. 
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round bottom flask. Two or three carborundum boiling chips 
were added. The flask was then mounted on a 500cc. heating 
mantle and attached to the fractionating column, The heating 
mantle was connected to a second "Variac." The "Variacs" were 
turned on. The column temperature was regulated so as to co-
incide with the boiling point of the first fraction. The tem-
perature at the still-head remained constant at 57°C. for ap-
proximately 10 minutes. The temperature then slowl y increased. 
Presumably, the amount of acetone present was so small that on 
prolonged refluxing most of it vaporized through the condenser, 
and out of the column. This would account for the above anom-
aly. When the temperature reached 81°C., a fraction was re-
moved between 81-98°C. The fraction came over erratically 
which made it difficult to observe an accurate reflux ratio. 
Since equilibrium could not be established during the frac-
tionation, it was felt that the quantity of acetone collected 
must have been quite small. 
Vacuum Distillation Of The Filtrate Of A Standard Run 
Experiment V 
A relatively simple vacuum distillation apparatus was as-
sembled in the following manner. A water-cooled condenser was 
fused to the side arm of a lOOcc. Claisen flask. Both necks 
of the flask were constricted, one having a capillary tube 
joined by a short piece of rubber tubing, and the other a 
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thermometer attached in the same manner. The condenser was 
joined to a 250cc. Erlenmeyer flask by means of a two-hole 
stopper. The purpose of this flask was to collect any non-
volatile material which could be condensed at approximately 
10°0., and at a pressure of 10-15mm. This non-volatile trap 
was connected in turn to a freezing trap which was immersed in 
a mixture of trichloroethylene and dry ice. The freezing trap, 
of course, was used to collect any volatile substance such as 
acetone. 
Using the apparatus described above, 25cc. of the fil-
trate of Experiment I, was subjected to vacuum distillation. 
The solution boiled at room temperature at lO-l5mm. pressure. 
Approximately 5cc. of liquid was collected in the non-volatile 
trap. This was tested for acetone with sodium bisulfite. The 
test was negative. Nothing was collected in the freezing trap. 
The apparatus was reassembled and the solution heated by 
means or a steam bath at a pressure of 200mm. The temperature 
or the distilling vapors was 62°C. The distillate in the non-
. volatile trap was tested for acetone which again was found to 
be negative. Nothing was collected in the freezing trap. 
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Vacuum Distillation Of A Synthetic Mixture Containing Acetone 
Experiment VI 
To a 25cc. aqueous solution of 5 grams of sodium nitrite, 
a mixture of lOcc. of 30 per eent hydrogen peroxide and lOcc. 
of 6N sulfuric acid was added. Heavy brown fume s were liber-
ated. Approximately 4cc. of acetone was added. The solution 
wa s diluted to a volume of 200-300cc. with distilled water. 
Using the apparatus described under experiment V, approxi-
mately 25cc. of the above mixture was distilled at a pressure 
of l5mm. The mixture boiled vigorously at room temperature, 
but only for a short time. The apparatus was dismantled, and 
a few drops of distillate was found in the freezing trap. A 
~~ 
micro boiling point of the distillate was determined to be 
101.5°0. This obviously, was not acetone, but must have bean 
water which escaped through the non-volatile trap. This ex-
periment illustrates how difficult it is to collect small 
volumes by vacuum distillation. 
~ectification Of A Synthetic Mixture Of Water And Acetone 
Experiment VII 
A mixture of 150cc. of water and 4cc. of acetone was 
made. This was transferred to a 250cc. round bottom flask, 
which was then attached to the rectifying column described 
previously under experiment IV. The "Variacs" were turned on. 
While the column was on total reflux, the thermometer at the 
still-head registered constantly at 56°c. After no change was 
shown in the temperature for approximately 30 minutes, a frac-
tion was taken between 56° and 62°0. This was presumably ace-
tone. 
Rectification Of A Synthetic Mixture 
Containing The Standard Reagents And Acetone 
Experiment VIII 
A mixture of lOcc. of 30 per cent hydrogen peroxide and 
lOcc. of 6N sulfuric acid was added to a 25cc. aqueous solu-
tion of 5 grams of sodium nitrite (0.072 mole). To this mix-
ture was added 4cc. of acetone. This solution was rectified 
in the column previously described under experiment IV. Equi-
librium was established at 56°C. at total reflux. The acetone 
fraction was removed. This indicates beyond a doubt that the 
strongly acidic medium does not cause any secondary reactions 
with acetone. 
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,Rectification Of The Filtrate Of A Standard Run 
Experiment IX 
Approximately 200cc. o£ the filtrate of a standard run 
was transferred to a 500cc. round bottom flask. Thi• flask 
was then attached to the rectifying column, and the "Variacs" 
turned on. No attempt was made to establish equilibrium. A 
fraction, of unknown volume, was taken between 50° to 98°0. 
When the temperature at the still-head reached 98°0., rectifi-
cation was discontinued. It was found that a few droplets of 
a yellow insoluble liquid were resting on the bottom of the re 
ceiver. On observing this, the entire distillate was satu-
rated with solid potassium carbonate, and more of the liquid 
~2 
was salted out. A micro boiling point of this unknown com-
pound was taken and found to be approximately 128°0. Its odor 
is similar to that of 2-nitropropane. The volume of this ap-
parently unreacted 2-nitropropane was approximately l.Scc. 
Acetone could not be detected in the aqueous layer using sodi-
um bisulfite. 
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Rectification Of The Neutralized Filtrate Of A Standard Run 
Experiment X 
t 1 l ~Occ. 0 ~ the filtrate of a standard run Approxima e y ~ • 
was neutralized with solid potassium carbonate, and the re-
sulting solution rectified in the same manner described under 
experim~nt IV. Acetone was not obtained, since equilibrium 
could not be established at 56° or 57°0 • 
. Rectification Of The Filtrate Of A Standard Run 
(Quantities Tripled) 
Experiment XI 
A standard run was carried out with quantities tripled in 
the manner described under experiment II. The filtrate of thi 
run (900cc.) was transferred to a 2 liter round bottom flask 
and attached to the rectifying column described under experi-
ment IV. The still-head was adjusted to total reflux, and the 
"Variacs" turned on. The column temperature was maintained at 
56-57°0. The temperature in the still-head climbed to approxi 
mately 85°0., then gradually decreased to 56°0. The temp~ra­
ture remained constant at 56°C. for 15 minutes, during total 
reflux. The column was then regulated to partial take-off. A 
fraction was collected at 56-61°0. at a reflux ratio of ap-
proximately 10 to 1. A second fraction was collected at 72-
9500. The volume of these fractions were not measured. 
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A derivative of the acetone in the first fraction was 
prepared as follows. 
A mixture of 1.5 grams (0.0075 mole) of 2,4-dinitrophen-
ylhydrazine, 2.0cc. of the first fraction, and lOOcc. of 95 
per cent alcohol was heated to the boiling point in a 250cc. 
round bottom flask equipped with a reflux condenser. To the 
boiling solution was added 2cc. of concentrated hydrochloric 
acid (Sp. Gr. = 1.178). The solution was refluxed for 2 to 5 
minutes and then allowed to cool to room temperatura. A crys-
talline precipitate was obtained. This was filtered, washed, 
and dried in a vacuum desiccator. The precipitate was recrys-
tallized from ethyl acetate. Its melting point was 124-126°0. 
2'3 
The melting point of the corresponding hydrazone derivative of 
acetone is 126°0 • 
. Repetition Of Experiment XI 
Experiment XII 
To be certain of the results of experiment XI, the entire 
experiment was repeated. Great care was taken to clean and 
dry the fractionating column. The column was dismantled, and 
all parts were rinsed with acetone. The acetone was driven 
off by a blast of air. With the column dismantled, it was 
left overnight. The next day, the column was reassembled and 
heated to 150°0. to be certain that traces of acetone would be 
driven out. 
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After these precautions were carried out, experiment XI 
was repeated. The same results were obtained. 
Known Quantities Of Acetone 
Experiment XIII 
The following procedure was used in the quantitative de-
.~.r 
termination of acetone. 
A sample of 12 grams of hydroxylamine hydrochloride was 
dissolved in 400cc. o£ distilled water. Methyl-orange xylene-
a 
cyanole indicator was added. The solution was titrated to the 
neutral point (gray) with O.lN sodium hydroxide. The neutral 
solution was then diluted to a volume o£ 3000cc. Indicator 
was added again. A part o£ the neutral solution (400cc.) was 
transferred to a 600cc. beaker. A sample o£ acetone was care-
fully weighed in a weighing bottle hal£ filled with water in 
order to prevent evaporation o£ the acetone. The sample was 
then transferred to the neutral solution above. The weighing 
bottle was well washed, and the washings added to the solution. 
The liberated hydrogen chloride was titrated with sodium hy-
droxide to the neutral point. The solution was allowed to 
stand for 20 seconds, while more hydrogen chloride was liber-
ated. The solution was again brought to the neutral point. 
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This was repeated unt i l further reaction was negligibl e . Th e 
t otal v ol ume o f alkali employed in the titrat i on was recorded. 
Working wi th known concentrations of acetone, one may 
calculate the weight of acetone per cc. of alkali very simply, 
i.e. the conversion factor. When the conversion factor is 
known with sufficient accuracy, unknown quantities of acetone 
may be determined. 
Weight of acetone/Volume of alkali = Conversion Factor. 
The results are given in tabular form on page 6~. 
Experiment XIV 
The procedure described under experiment XIII was em-
pl oyed here. 
The results are given in tabular form on page ~/ • 
,Experiment XV 
Due to incons i stant results obtained in both experiment s 
XIII and XIV, slight modifications were inserted in the pro -
cedure to help make the end point mora recognizable. The pro-
cedure is as follows. 
Twelve grams of hydroxylamine hydrochloride was dissolved 
in 400cc. of water. One drop of methyl-orange xylene-cyanole 
indicator was added. The solution was titrated with standard 
sodium hydroxide to the point when the light magenta colora-
tion disappeared. The solution was then diluted with dis-
tilled water to a volume of l500cc. Two drops of the ind ica-
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tor was again added. To each of two 600cc. beakers, 400cc. of 
the neutral solution was transferred. One was used for com-
parison purposes in order that the end point may be reproduced 
with greater accuracy. A known sample of acetone was trans-
ferred to the other beaker. The liberated hydrogen chloride 
was titrated with more alkali. The solution was allowed to 
stand for approximately 20 seconds. Further reaction occur-
red, and the solution titrated again. This was repeated until 
no further reaction took place. 
The results are given in tabular form on pageo2. 
r 
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CALCULATION OF CONVERSION FACTOR 
USING KNOWN SAMPLES OF ACE TONE 
TABLE X 
EXPERIMENT XIII (See Page .f7 ) 
The f ollowing equation is used to calculate the conversion 
factor. 
Weight of acetone/Volume of alkali • Conver sion Fact o r 
WEIGHT OF ACETONE 
0.0497 gram 
0.0695 gram 
0.0856 gram 
0.2571 gram 
VOLUME OF O.l036N 
SODIUM HYDROXIDE 
8.10cc. 
ll.88cc. 
WEIGHT OF ACETONE 
PER CC. OF 
S.ODIUM HYDROXIDE 
0.00779 
0.00724 
0.00723 
0.00629 
The sample of acetone used was too large. Acc ord i ng to 
/J Marasco, when samples larger than 0.2 gram were used, the r e -
sults obtained were not reproducible. 
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CALCULATION OF CONVERSION FACTOR 
USING KNOWN SAMPLES OF ACETONE 
TABLE XI 
EXPERIME NT XIV (See Page S 8 ) 
WEIGHT OF ACETONE VOLUME OF O.l036N 
SODIUM HYDROXIDE 
WEIGHT OF ACETONE 
PER CC. OF 
SODIUM HYDROXIDE 
0.0942 gram 
0.1234 gram 
0.0948 gram 
o.o488 gram 
0.0735 gram 
0.0934 gram 
0.0505 gram 
0.0917 gram 
14.lloc. 
18.41cc. 
13.70cc. 
6.70cc. 
l0.80cc. 
l2.80cc. 
7.09cc. 
12.97cc. 
o.oo667 
0.00671 
0.00691 
0.00713 
o.oo68o 
0.00729 
0.00714 
0.00707 
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PALCULATION OF CONVERSION FACTOR 
USING KNOWN SAMPLES OF ACETONE 
TABLE XII 
EXPERI:MEN'l' XV (S ee Page S" 8 ) 
WEIGHT OF ACETONE VOLUME OF O.l036N 
SODIUM HYDROXIDE 
WEIGHT OF ACETONE 
PER CC. OF 
SODIUM HYDROXIDE 
0.0786 gram 
0.1010 gram 
0.0499 gram 
0.0706 gram 
0.0690 gram 
13.18co. 
16.60cc. 
8.20cc. 
11.61cc. 
11.38cc. 
0 . 00.596 
o.oo6o8 
o.oo6o8 
o.oo6o8 
o.oo6o8 
The accepted value of the Conversion Factor is o.oo6o8. 
62 
Q!!!N~I!!~IY~ !Hl!~EM!N!!IQN QE ~m!!2Nm 
IN FILTRATE OF STANDARD RUNS 
-- -------- -- -------- ----
Experiment XVI 
The filtrate of a standard run (quantities tripled) was 
rectified ~s described under experiment XI. The first or ace-
tone fraction was collected at a temperature range of approxi-
mately 56-70°0. in this experiment as well as in experiments 
XVII and XVIII. Its volume was not measured. A second was 
also collected (70-98°0.). Its volume was not measured. A 
few droplets of an insoluble liquid was also obtained in this 
fraction and separated. The acetone fraction was transferred 
to a lOOcc. volumetric flask and diluted to the mark with dis-
tilled water. A known volume of the acetone solution was then 
analyzed with hydroxylamine hydrochloride as described under 
experiment XV~ 
The results are shown in tabular form on page c~. 
, Experiment XVII 
As in experiment XVI, the filtrate of a standard run 
(quantities tripled) was rectified, and the acetone fraction 
diluted in a lOOcc. volumetric flask. ~he quantitative deter-
mination of acetone in this experiment is summarized in tabu-
lar form on page 6 6 • 
Experiment XVIII 
The filtrate of a standard run (quantities - five times 
that of a single run) was treated in the same manner as de-
scribed under experiments XVI and XVII. 
The results are tabulated on page ~~. 
Experiment XIX 
Under experiment XVI, the rectificatien of the filtrate 
of a standard run (quantities tripled) was mentioned. After 
the first fraction was collected (56-70°0), a second fraction 
was also taken off at a boiling range of 70-98°0. The volume 
of this fraction was not measured. It was observed that this 
fraction contained a few droplets of an insoluble liquid rest-
ing on the bottom of the flask. The odor of this liquid was 
quite similar to that of 2-nitropropane. The entire fraction 
was then saturated with potassium carbonate. More of the liq-
uid was salted out. The mixture was transferred to a separa-
tory funnel, and the layers were separated. Three cc. of the 
unknown, colorless liquid was obtained. This was dried with a 
~z 
few particles of calcium chloride. A micro boiling point was 
attempted, but decomposition occurred. 
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QUANTITATIVE ANALYSIS OF ACETONE OBTAINED IN STANDARD RUN 
(Quantities Threef old ) 
TABLE XIII 
EXPERIMENT XVI (See Page 6 ) 
The equation used to calculate the yield of acetone in 
grams is as follows. 
iY.2.l1!~.!'! -_.2,f__~ l!£!!:!il_iQ~QQ.§.Q.!!l X 1 0 0 a Tot a 1 We i g h t 0 i' A c e t o n e Volume of solution 
Theoretical Weight Of Acetone 
F or This Experiment = 10.50 grams. 
VOLUME OF 
SOLUTION ANALYZED 
lOcc. 
2.05cc. 
2.55cc. 
VOLUME OF ALKALI 
44.20cc. 
8.10 cc . 
11.4lcc . 
l3.60 cc. 
TOTAL WEIGHT 
OF ACETONE 
2.687 grams 
2.40 grams 
2.72 grams 
2.62 grams 
65 
QUANTITATIVE ANALYSIS OF ACETONE OBTAINED IN STANDARD RUN 
(Quantities Threefold) 
VOLUME OF 
TABLE XIV 
EXPERIMENT XVII (S ee Page h.:7) 
The oretical Weight Of Acetone 
For This Experiment • 10.50 grams. 
VOLUME OF ALKALI 
SOLUTION ANALYZED 
l.OOcc. 5~79cc. 
1.50oo. 8.10cc. 
l.OOcc. 5.79 cc. 
2.00oc. 11.56oo. 
TOTAL WEIGHT 
OF ACETONE 
3.520 grams 
3.284 grams 
3.520 grams 
3.514 gram s 
QUANTITATIVE ANALYSIS OF ACETONE OBTAINEb IN STANDARD RUN 
(Quantities Fivefold) 
TABLE XV 
EXPERIMENT XVIII (Se e Page ~ ?- ) 
Theoretical Weight Of Acetone 
For This Experiment = 17.60 grams. 
VOLUME OF 
SOLUTION ANALYZED 
VOLUME OF ALKALI 
5o c. lO.lcc. 
5oc. 10.0cc. 
TOTAL WEIGHT 
OF ACETONE 
5.459 grams 
5.458 grams 
66 
, Experiment XX 
A run was carried out (in the same manner described under 
experiment I)ih which the quantities of the reagents were six 
times those employed in the standard run. Since only the fil-
trate was wanted, the precipitate of 2,3-dinitro-2,3-dimethyl-
butane of this run was not investigated. The filtrate of thi s 
run was rectified in the same manner described under experi-
ment XI. A fraction was collected between 70-98°0. Its volume 
was not measured. This fraction was then exhaustively ex-
tracted with ether by shaking in a separatory funnel. The 
ether layers were collected. The ethereal solution was trans-
!erred to a distilling flask which was mounted on a steam bath, 
and connected with a water-cooled condenser. After the ether 
was distilled off, approximately 2 to 3cc. of a liquid residu e 
was left behind. The re sidue decomposed before a b oiling point 
could be observed. 
~xperiment XXI 
2~ 
A test for the presence of a secondary nitroparaffin, 
which in this case would be 2-nitropropane, was carried out as 
follows. A few drops of the unknown liquid substance, referred 
to in experiments XIX and XX above, was dissolved in a few cc. 
of 29 per cent potassium hydroxide. An aqueous solution of 
sodium nitrite was then added. A blue coloration was obtained 
when the above solution was acidified. This is a positive test 
for secondary nitroparaffins. This experiment illustrates thai 
some 2-nitropropane is present in the second fraction obtained 
by the rectification of the filtrate of a standard run. 
_Experiment XXII 
A run was carried out with five times the quantities em-
ployed in the standard run described under experiment I. The 
solution was filtered. The precipit•te of 2,3-dinitro-2,3-
dimethylbutane was not further investigated. The filtrate was 
carefully rectified as described under experiment XI. It was 
observed that as the second fraction was coming over, gall-
like particles were clogging the outlet. It became necessary 
to interrupt the rectification long enough to force the jelly 
substance through the passage by means or compressed air. 
Rectification was resumed. The fraction was collected at ap-
proximately 80° to 97°0. The weight of the fraction was 35.5 
grams. As found in experiment XIX, there was a small amount 
of an insoluble liquid present. The mixture was saturated with 
sodium chloride. It was then transferred to a lOOcc. standard 
taper, round bottom flask which was joined to a water-cooled 
condenser. The flask was mounted on a heating mantle, and the 
mixture distilled. A solid was obtained in the distillate and 
in the condenser. When distillation was discontinued (when no 
more solid was being distilled over), the liquid residue in the 
distilling flask was extracted exhaustively with ether. Three 
different solid substances were obtained as a result of the 
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distillation experiment. One, which was found in the condens-
er, had a melting point of 185-190°C. with decomposition. The 
distillate had two solids. One resting on the bottom of the 
receiver, melting at 52-61°C~ The other floating on the sur-
face of the distillate was a semi-solid. All three substances 
were obtained in very small quantities which precluded any fur-
ther experiments with them. 
The ether from the ether extract mentioned above was dis-
tilled from a Claisen flask by allowing the ethereal solution 
to drop into the flask from a dropping funnel at the same rate 
as the ether was being distilled. The weight of the extracted 
material was 3 grams. The extracted substance was a colorless 
liquid. No further work was continued on this extract. 
~N!bX§I§ QE !~ EI11B!!~ QE A §!!Err~Brr BYE 
!§ AN QN~NQ!N MI~!YE! 
Experiment XXIII 
A standard run was made in the manner described under ex-
periment I using 10 times the quantities employed there. The 
precipitate of 2,3-dinitro-2,3-dimethylbutane was not investi-
gated. The filtrate of the above run was neutralized with 
solid potassium carbonate to a pH of 7 using pH paper for ref-
erence. Approximately 450cc. of distilled water containing 67 
grams of sodium bisulfite (0.645 mole) was added. The solu-
tion was thoroughly mixed, and then transferred to a 2000cc. 
flask. The flask was sealed with a rubber stopper. The solu-
tion was allowed to stand overnight at room temperature. Aftel 
standing overnight, the aqueous solution was extracted exhaus-
.. 
tively with ether. The ether extracts were combined. The 
ethereal solution was concentrated to a small volume, ~nd then 
extracted vigorously by distilled water. The ethereal solu-
tion was evaporated further to remove all of the ether. The 
residue was approximately 5cc. of a colorless liquid with a 
strong odor of 2-nitropropane. The original aqueous solution 
was acidified with 6N sulfuric acid in order to destroy the 
bisulfite. Sulfur dioxide was not liberated. As a result of 
this apparent contradiction, the analysis had to be inte~-
rupted. A flo-sheet describing the proposed method of separa-
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tion is shown on page tf. This, of course, was not completed 
experimentally, because of the trouble mentioned above • 
. Synthetic Mixture 1 
Experiment XXIV 
Approximately 3.0 grams of 2-nitropropane was dissolved 
in lOcc. of 29 per cent potassium hydroxide. This was diluted 
with 200cc. of distilled water. The dilute solution was then 
neutralized with 6N sulfuric acid to a pH of 7 using pH paper. 
To this solution was now introduced 2.0cc. of hydrogen per-
oxide. A volume of 4.5cc. of acetone was added to the neutral 
solution. The pH was che cked again. No change had occurred. 
Approximately 6.2 grams of sodium bisulfite in 42cc. of dis-
tilled water was added. The solution became warm, but sulfur 
dioxide was not liberated. The solution was now found to be 
slightly acidic having a pH between 5 and 6. The above solu-
tion was allowed to stand for 36 hours. At the end of this 
time, the acidity was checked again. The pH had not changed. 
The solution was then acidified to a pH of 2. Sulfur dioxide 
was not liberated. 
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,Synthetic Mixture 2 
Experiment XXV 
Approximately 3.0 grams of 2-nitropropane was dissolved 
in lOcc. of 29 per cent potassium hydroxide. This was diluted 
with 200cc. of distilled water. The solution was then neu-
tralized as above with 6N sulfuric acid. A volume of 4.5cc. 
of acetone was now added without change in the pH of the solu-
tion. Approximately 6.2 grams of sodium bisulfite in 42cc. of 
distilled water was introduced. The solution did not become 
warm. However, the mixture was now slightly acidic. Two cc. 
of 30 per cent hydrogen peroxide was added. As with the first 
synthetic mixture, this solution was allowed to stand for 39 
hours. After this time, the solution was acidified to a pH of 
2. Sulfur dioxide was not liberated. 
, First Iodometric Method 
Experiment XXVI 
A standard run employing five times the quantities speci-
fied under experiment I was carried out. After filtering the 
precipitate of 2,3-dinitro-2,3-dimethylbutane (nothing more 
was done with this), the filtrate was treated with 73 grams of 
sodium thiosulfate pentahydrate (0.294 mole) in 220cc. of dis-
tilled water. This was followed by 0.2 gram of potassium io-
dide (0.0012 mole). The solution was allowed to stand in the 
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dark for l hour. After standing, the solution was neutralized 
with solid potassium carbonate to a pH slightly above 7• Ap-
proximately 128 grams of sodium bisulfite (1.23 mole) in 390cc. 
of distilled water was added. The solution was then allowed 
to stand for 36 hours. At the end of this time, the aqueous 
neutral solution was exhaustively extracted with ether in a 
separatory funnel. The ether layers were combined. After dis 
tillation, a residue of only 0.5cc. was obtained. The residue 
had an odor of 2-nitropropane. The aqueous solution was acid-
ified with no evolution of sulfur dioxide. 
Second Iodometric Method 
Experiment XXVII 
A run was carried out in the exact manner as il l ustrated 
under experiment II. The precipitate was filtered. The dimer 
was not investigated further. A few drops of starch indicator 
solution was added to the above filtrate. An aqueous solution 
of 2.0 grams of potassium iodide was then introduced. The 
solution immediately acquired a bright orange-yellow colora-
tion. Approximately 3.5cc. of 6N sulfuric acid was added. A 
reaction occurred, and the solution turned brown. A colorless 
gas with a disagreeable odor was liberated during the initial 
stage of the reaction. The flask was lightly stoppered, and 
placed in the dark. After standing for 30 minutes, the con-
tents of the flask was inspected. A reddish brown precipitate 
was found to be present. 
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. Oxidation With P~tassium Permanganate 
Experiment XXVIII 
Approximately 200cc. of the filtrate of a standard run, 
carried out as described under experiment I using five times 
the quantities specified there, was acidified with 3N sulfuric 
acid. A 5 per ·cent aqueous solution of potassium permanganate 
was then introduced from a buret continuously, until the rate 
of the initial reaction decreased appreciably. The solution 
which had been originally blue was now colorless. The solu-
tion was transferred to a 500cc. round bottom flask, and steam 
distilled. The distillate had an odor of a mixture of acetone, 
and 2-nitropropane. This solution was neutralized with solid 
potassium carbonate. An aqueous solution of 3.0 grams of so-
dium bisulfite {0.029 mole) was introduced. The solution was 
stoppered, and allowed to stand overnight. The next day, the 
solution was acidified with sulfuric acid. Sulfur dioxide was 
not liberated. The solution was extracted with ether. The 
ether extracts were evaporated. Approximately 1.5cc. of a 
dark liquid was present as a residue. 
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MISCELLANEOUS EXPERIMENTS 
·------------- -----------
Experiment XXIX 
A standard run was carried out employing five times the 
quantities described under experiment I. After filtration, 
approximately 125cc. of the filtrate was saturated with solid 
potassium carbonate. A yellow liquid layer wassalted out. 
The volume of this liquid was measured in a lOcc. graduate and 
found to be approximately O.lcc. The aqueous layer was then 
acidified with 6N sulfuric acid. The solution turned blue, 
and a white solid separated, and designated as compound "X". 
The aqueous blue filtrate was extracted vigorously with car-
bon bisulfide in a separatory funnel. The layers were separ-
ated, and the extracts combined. The carbon bisulfide solu-
tion was transferred to a distilling flask equipped with a 
thermometer, and a water-cooled condenser. Distillation was 
started. However, the entire solution distilled over with the 
blue color. A residue was not obtained. 
Experiment XXX 
A standard run was carried out in the manner described 
under experiment II using the same apparatus. The only modi-
fication consisted in having a side arm connected to a trap 
which was immersed in a freezing mixture of trichloroethylene, 
and dry ice. The trap was present to collect any volatile 
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gases which may have been escaping during the preparation of 
2,3-dinitro-2,3-diroethylbutane. At the conclusion of the ex-
periment, the cold trap was removed. Nothing had been collect-
ed. 
Experiment XXXI 
Aged Solution 
"' The chemical equations involved in the procedure are as 
follows. 
1'7'z.. .:::>'z. ,... ~ ..r - ,... .z ./?"' ,.. ~ _z-2. 7"- .2 ~ t::7 
:Z ~ ~ = .,.._ .Z..z.. ~ .s;.. q."' ..- 2 I -
A carefully weighed sample of hydrogen peroxide was trans-
£erred to a 250cc. volumetric flask, and diluted with distilled 
water to the mark. A lOco. sample of this solution was trans-
£erred to a 250cc. Erlenmeyer flask by means of a pipet, and 
lOco. of 4N sulfuric acid was added. Approximately 1 gram of 
potassium iodide, and 3 drops of a neutral 30 per cent ammoni-
um molybdate solution were introduced. This was titrated with 
standard thiosulfate using starch as an indicator. The re-
sults are tabulated below • 
. Weight of hydrogen peroxide sample used = 3.066 grams. 
Normality of thiosulfate solution : 0.0513. 
VOLUME OF 
THIOSULFATE SOLUTION 
48.80oc. 
48.40co. 
48.20co. 
CALCULATED PERCENTAGE 
OF HYDROGEN PEROXIDE 
·34.6 per cent 
34.4 per cent 
34.2 per cent 
Fresh Solution 
The procedure employed was exactly the same as above. 
Weight or hydrogen peroxide sample = 3.0248 grams. 
VOLUME OF 
THIOSULFATE SOLUTION 
47.50cc. 
47.50cc. 
CALCULATED PERCENTAGE 
OF HYDROGEN PEROXIDE 
34.2 per cent 
34.2 per cent 
It is evident !rom the above data that hydrogen peroxide 
does not lose its strength after standing for one or two 
months. 
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Neutralization With Acetic Acid 
Experiment XXXII 
Approximately 6.0 grams of 2-nitropropane (0.067 mole} 
was dissolved in 15cc. of 29 per cent potassium hydroxide (0.1 
mole). The alkaline solution was transferred to a 500cc. three-
necked flask equipped with a dropping funnel, mechanical stir-
rer, and thermometer. To this solution was added 25cc. of an 
aqueous solution of 5 grams of sodium nitrite (0.072 mole). 
The stirring was started, and the solution neutralized with 50 
per cent acetic acid to a phenolphthalein end point. Cracked 
ice was introduced to maintain the temperature at 0°C. through-
out the experiment. The flask was immersed in an ice-salt batt: . 
After neutralization, a mixture of lOcc. of 30 per cent hydro-
gen peroxide (0.098 mole}, and lOcc. of 6N sulfuric acid (0.03 
mole) was introduced slowly from the dropping funnel. At the 
end of the reaction, the apparatus was dismantled. The pre-
cipitate was filtered, washed with distilled water, and dried 
in a desiccator. The filtrate had the same ~ppearance as in a 
normal run. The weight of the precipitate was 1.5 grams (25.2 
per cent yield). It had a light greenish tinge. The appear-
ance of the precipitate was much the same as that of a stand-
ard run described under experiment I. Its melting point was 
not taken. The results are tabulated on PaJ!:e .2- 1 
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~eplacement Of Sulfuric Acid 
With Acetic Acid And Carbon Dioxide 
Experiment XXXIII 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 15cc. of 29 per cent potassium hydroxid e (0.1 
mole) by shaking in a glass-stoppered bottle. This was trans-
ferred to a 500cc. three-necked flask which was equipped with 
a dropping funnel, a mechanical stirrer, and a thermometer. 
An aqueous solution (approximately 2Scc. of 5 grams of sodium 
nitrite (0.072 mole) was then added. Cracked ice was added to 
maintain a minimum temperature of 0°C. The solution was then 
neutralized with 12.5 per cent acetic acid to a phenolphthalein 
end point. Carbon dioxide gas under pressure from a tank was 
then introduced through a bent glass tubing into the reaction 
mixture. Vigorous stirri11g was maintained. As carbon dioxide 
was bubbling through the reaction mixture, lOcc. of 30 per 
cent hydrogen peroxide (0.098 mole) was introduced slowly from 
the dropping funnel. At the conclusion of the experiment, the 
precipitate was filtered, washed with distilled water, and 
dried in a vacuum desiccator. The yield was 0.4 gram or 6.7 
per cent. The precipitate was white. Since the yield was low, 
a melting point was not taken. The results are tabulated on 
page .2. I . 
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~eplacement Of Sulfuric Acid With Carbon Dioxide 
Experiment XXXIV 
The same apparatus was used in this experiment as that de 
scribed under experiment XXXIII. 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 15cc. of 29 per cent potassium hydroxide (0.1 
mole) in the usual manner. This was transferred to a 500cc. 
three-n~cked flask equipped with a dropping funnel, a mechan-
ical stirrer, and a thermometer. Cracked ice was added to 
maintain a minimum temperature of 0°C. An aqueous solution of 
5 grams of sodium nitrite (0.072 mole) was added. To this 
mixture was introduced lOcc. of 30 per cent hydrogen peroxide 
(0.098 mole). The stirring was started, and carbon dioxide 
was bubbled through the solution. The entire experiment was 
carried out for approximately 4 hours. At the end of this 
time, no apparent change had taken place. Only a few minute 
particles were formed as a precipitate. The yield was negli-
gible. 
The results are tabulated on page ~/ . 
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, Rapid Addition Of Sulfuric Acid 
Experiment XXXV 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). This was transferred to a 500cc. three-necked flask 
equipped with a dropping funnel, a mechanical stirrer, and a 
thermometer. An aqueous solution (approximately 25cc.) or 5 
grams or sodium nitrite (0.072 mole) was added. In addition 
to this, lOcc. of 30 per cent hydrogen peroxide (0.098 mole) 
was added in bulk. Cracked ice was continuously used to main-
tain a minimum temperature. Sulfuric acid (lOcc. of 6N) was 
introduced into the reaction mixture as quickly as possible 
from the dropping runnel. The temperature was not allowed to 
increase above 2°0. A flocculent precipitate formed. The 
aqueous solution was green. When all of the sulfuric acid had 
been added, the precipitate was filtered, washed with dis-
tilled water, and dried in a vacuum desiccator. The weight or 
the dimer was 1.1 grams (18.5 per cent). The precipitate had 
a light green tinge. Its melting point was 200-205°0. 
The results are tabulated on page I . 
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~eutralization By Acetic Acid 
Followed By Rapid Addition Of Sulfuric Acid 
Experiment XXXVI 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). This was transferred to a )OOcc. three-necked flask 
equipped with a dropping funnel, a mechanical stirrer, and a 
thermometer. An aqueous solution (approximately 25cc.) of 5 
grams of sodium nitrite (0.072 mol e ) was added. To the alka-
line mixture was introduced lOcc. of 30 per cent hydrogen 
peroxide (0.098 mole). This was then neutralized with dilute 
acetic acid (1&7) to a phenolphthalein end point. Ice was 
continuously added to maintain the temperature at 0°a. Ten cc. 
of 6N sulfuric acid (0.03 mole) was then added as quickly as 
possible. A flocculent white precipitate was formed. This was 
filtered, washed with distilled water, and dried in a vacuum 
desiccator. The weight of the precipitate was 1.9 grams. This 
represents a yield of 32 per cent. The melting point was 200-
20400. The precipitate had a light green tinge. 
The yield of 32 per cent obtained in this experiment rep-
resents one of the highest yields obtained in this project. 
However, this is not considered t o be satisfactory for kinetic 
runs. An attempt was not made to duplicate this experiment. 
The results are tabulated on page 2 1 . 
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Experiment XXXVII 
Approximately 6 gr~1s of 2-nitropropane (0.067 mole) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). Ice was added to maintain the temperature at 0°0. The 
alkaline solution was neutralized with 12.5 per cent acetic 
acid to a phenolphthalein end point. The neutral solution was 
then transferred to a 500cc. three-necked flask equipped with 
two dropping funnels, a mechanical stirrer, and a thermometer. 
In one dropping funnel was a mixture of lOcc. of 30 per cent 
hydrogen peroxide (0.098 mole), and an aqueous solution (25cc.) 
of 5 grams of sodium nitrite (0.072 mole). The second dropping 
funnel contained 20cc. of 12.5 per cent acetic acid. The con-
tents of both dropping funnels were allowed to enter the re-
action mixture slowly, and simultaneously. When all the re-
agents had been added, the reaction mixture was deep blue, and 
a precipitate had not formed. More solid sodium nitrite was 
added to the reaction mixture to note if any further reaction 
occurred. The solution was practically saturated with sodium 
nitrite when a precipitate began to separate. The solution 
was filtered. The precipitate was washed, and dried in a vac-
uum desiccator. The weight of the solid was 3.5 grams. A 
melting point was taken, and found to be 73-74°0. The white 
solid melted to a blue liquid. The substance apparently was 
propyl pseudonitrole. The yield was 44 per cent. 
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Unfortunately, an attempt to duplicate this experiment 
was unsuccessful. 
Experiment XXXVIII 
Approximately 0.07 mole of 2-nitropropane (6 grams) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). To this solution was added an aqueous solution (25cc.) 
of 5 grams of sodium nitrite (0.072 mole). The alkaline solu-
tion was then neutralized with 6N sulfuric acid to a phenol-
phthalein and point. The solution was transferred to a 500cc. 
three-necked flask equipped with a dropping funnel, a mechani-
cal stirrer, and a thermometer. The temperature was held at 
0°C. throughout the experiment. A mixture of 5cc. of 30 per 
cent hydrogen peroxide (0.044 mole) and 5cc. of 6N sulfuric 
acid (0.015 mole) was added at a rate of about 1 drop every 8 
seconds. When the mixture of hydrogen peroxide and sulfuric 
acid had been added, the solution was filtered. The filtrate 
was transferred back to the reacti on ves se l. Ice was added, 
and another mixture of 5cc. of 30 per cent hydrogen peroxide 
{0.044 mole), and Sec. of 6N sulfuric acid (0.015 mole) was 
introduced at the same rate as before. More of the dimer was 
formed which was filtered at the end of the reaction. This 
was washed. The two precipitates were dried separately in a 
vacuum desiccator. The total yield was 2 grams or 33.7 per 
cent. The two precipitates were combined, and a melting point 
was taken. M.P.=201-206°C. 
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Although the yield was increased by approximately 10 par 
cent, the results were still unsatisfactory for kinetics runs. 
INVESTIGATION OF STOWE'S REACTION AT LOWER TEMPERATURES 
---·---------- -- ------- -------- -- ----- ------------
The following three experiments were carried out at tem-
peratures below 0°0. in further attempts to increase the yield 
of 2,3-dinitro-2,3-dimethylbutana. There were no specific 
theoretical reasons that led to these experiments. The only 
purpose in mind was to determine the effects of low tempera-
tures on Stowe's reaction. 
,Experiment XXXIX 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). Ice was added to maintain a low temperature. Ather-
mometer which recorded temperature to -20°0. was employed. 
This solution was transferred to th e usual apparatus which was 
wall immersed in a mixture of ice and salt. Ice was continu-
ously added to the reaction mixture throughout the experiment. 
An aqueous solution (25cc.) of 5 grams of sodium nitrite was 
added to the reaction mixture. This solution was neutralized 
with 6N sulfuric acid to a phenolphthalein end point. A mix-
ture of lOcc. of 30 per cent hydrogen peroxide (0.098 mole) 
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and lOcc. of 6N sulfuric acid (0.03 mole) was added at a rate 
of 1 drop every 8 seconds. At the conclusion of the experi-
ment, the precipitate was filtered, washed, and dried in a 
vac uum desiccator. The precipitate had a light green tinge 
and, when dried, weighed 1.1 grams (18.5 per cent). This pro-
duct had much the same appearance as that of a standard run. 
A melting point was not taken. 
The results are tabulated on page .z 3. 
" Experiment XL 
At -10° to -5°C. 
Approximately 12 grams of 2-nitropropane (0.135 mole) was 
dissolved in 28cc. of 29 per cent potassium hydroxide {0.2 
mole). This was transferred to the usual reaction vessel. In 
this experiment, the three-necked flask was mounted in a large 
Dewar filled with a mixture of snow and salt. The temperature 
throughout the experiment was held at -10° to -5°0. The alka-
line solution above was allowed to stand in this freezing mix-
ture for 30 minutes until a temperature of -10°0. was obtained. 
The solution was then neutralized with 6N sulfuric acid to a 
phenolphthalein end point. An aqueous solution {25cc.) of 5 
grams of sodium nitrite was added. At this point, a mixture 
of 20cc. of 30 per cent hydrogen peroxide (0.19 mole), and 
20cc. of 6N sulfuric acid (o.o6 mole) was added at a rate of 1 
drop every 8 seconds. The product, at the end of the reaction, 
was quite impure having a deep blue coloration. The yield was 
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1.5 grams (12.6 per cent). A melting point was not taken. 
The results are tabulated on page ~3 • 
Experiment XLI 
At -15° to -10°0. 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). This was transferred to the usual reaction vessel 
which was mounted in a large Dewar filled with a mixture of 
calcium chloride and snow. The entire experiment was carried 
out in the same manner, using the same reagents as in experi-
ment XXXIX above. The product was nearly white having only a 
light green tinge. The yield, however, was negligible. 
The results are tabulated on page ~3 • 
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INVESTIGATION OF YIELD USING LARGE EXCESS 
------------- -- ----- ----- ----- ------
Experiment XLII 
The following two solutions were prepared. 
A. Approximately 8.8 grams of 2-nitropropane (0.098 mole) 
was dissolved in 60cc. of 10 per cent potassium hy-
droxide (0.1 mole). This solution was cooled to -5°C. 
by adding cracked ice, and immersing the beaker in an 
ice-salt bath. This solution was then neutralized 
with dilute acetic acid (la7) to a phenolphthalein end 
point. 
B. A mixture of 60cc. of 30 per cent hydrogen peroxide 
(0.59 mole) and 67 grams of sodium nitrite (0.97 
mole) was dissolved in 200cc. of distilled water. 
This solution was cooled to -5°C. in the same man-
ner as solution A. 
Solutions A and B were transferred to a lOOOcc. three-
necked flask equipped with a dropping funnel, a mechanical 
stirrer, and a thermometer. The reagents were well mixed by 
vigorous stirring. At the start of the experiment, the tem-
perature was -10.5°0. At this point, lN sulfuric acid was 
added dropwise slowly on the vigorously agitated mixture. At 
vari ous intervals, the pH of the reaction mixture was taken. 
The temperature was also watched closely. The addition of acid 
was to be discontinued when the PH had a value of 1 or 2. 
However, the acidity never reached this value. Acetate ions 
were behaving as a buffer. When 60cc. of lN sulfuric acid had 
been added, a precipitate began to separate out of the reac-
tion mixture. The temperature was -7.5°0. The pH was approx-
imately 6. The pH remained constantly at this value until 
125cc. of lN sulfuric acid had been added. At this point, a 
pH reading could not be taken with pH paper. The paper would 
turn brown when the solution was tested. The temperature, at 
this point, had increased to -3°0. When 130cc. of acid had 
been added, further addition was discontinued. The flask was 
allowed to remain in the ice-salt bath while stirring was con-
tinued. The temperature gradually increased to 14°0. At this 
point, the vessel was removed from the freezing mixture. While 
vigorous stirring was continued, the temperature increased 
slowly to 26°0. The apparatus was dismantled, and the solu-
tion filtered. The precipitate was dried in a vacuum desic-
cator. The precipitate had a grayish appearance. Its weight 
was 1.7 grams (20 per cent). A melting point was not taken. 
The results are tabulated on page~~. 
~xperiment XLIII 
Approximately 12 grams of 2-nitropropane (0.135 mole) was 
dissolved in 700cc. of distilled water by vigorous stirring in 
a closed flask for 36 hours. This was transferred to a 2000cc. 
three-necked flask equipped with a dropping funnel, a mechani-
cal stirrer, and a thermometer. The solution was precooled to 
0°C. Approximately 1 mole of sodium nitrite (67 grams) was 
then dissolved in the solution. At this point, 60ce. of 30 per 
cent hydrogen peroxide (0.59 mole) was added. At a starting 
temperature of -2°0., IN sulfuric acid was slowly introduced 
dropwise while vigorous stirring was maintained. After 40cc. 
of lN sulfuric acid was added, it was decided to use a stronger 
acid. Under the same conditions, 240cc. of 3N sulfuric acid 
was added slowly. When all the sulfuric acid had been added, 
the pH of the solution was measured with pH paper, and was ap-
proximately 1 to 2. A precipitate was not produced. 
Experiment XLIV 
Two . solutions were prepared as follow. 
A. Approximately 8.8 grams of 2-nitropropane (0.098 mole) 
was dissolved in 60cc. of 10 per cent potassium hy-
droxide (0.4 mole). To this was added 67 grams of 
sodium nitr i te (1 mole) in 200cc. or wate r . This solu-
tion was precooled to 0°0. 
B. A solution containing 160cc. of 30 per cent hydrogen 
peroxide (1.5 mole), and lOOcc. of 6N sulfuric acid 
(0.30 mole) was prepared. This solution was pre-
cooled to 0°0. 
Solution B was transferred to a lOOOcc. three-necked flask 
equipped with a dropping funnel, a mechanical stirrer, and a 
thermometer. With vigorous stirring, solution A was added 
slowly dropwise from the dropping funnel. The temperature was 
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maintained at 0°C. throughout the experiment. When all of A 
had been introduced, the temperature was allowed to increase 
slowly to 9°C. The solution was filtered, and the precipitate 
dried in a vacuum desiccator. The precipitate was grayish 
white. The weight of the product was 1.3 grams (15 per cent). 
A melting point was not taken. 
The results are tabulated on page~~. 
, INVESTIGATION OF THE YIELDS USING OXIDES OF NITROGEN 
------------- -- --- ------ ----- ------ -- --------
Nitrogen Dioxide 
Experiment XLV 
Approximately 12 grams of 2-nitropropane (0.135 mole) was 
dissolved in 28cc. of 29 per cent potassium hydroxide (0.2 
mole). This was transferred to a three-necked flask equipped 
with a mechanical stirrer and a thermometer. A tank of nitro-
gen dioxide was connected to the flask by means of rubber and 
glass tubing. The alkaline solution was then neutralized with 
dilute acetic acid (1:7) to a phenolphthalein end point. An 
aqueous solut i on of 10 grams of sodium nitrite (0.145 mole) 
was added. At thi s point, 20cc. of 30 per cent hydrogen per-
oxide (0.19 mole) was introduced. The flask was immersed in 
an ice-salt bath to maintain a temperature of 0°C. At this 
time, with vigorous stirring, gaseous nitrogen dioxide was 
allowed to enter slowly (approximately 1 bubble Per second) 
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The solution developed a deep blue coloration. The experiment 
was continued for 75 minutes. The apparatus was dismantled. 
The precipitate having a light green tinge was filtered and 
dried in a vacuum desiccator. The weight of the product was 5 
grams. A melting point was found to be 69-72°0., melting to a 
~lue liquid. The yield, therefore, is 33 per cent of propyl 
pseudonitrole. The results are expressed in tabular form on 
page .2 7. 
~xperiment XLVI 
Approximately 6 grams of 2-nitropropane (0.067 mole) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). The excess alkali was neutralized with dilute acetic 
acid (lt7) to a phenolphthalein end point. This neutral solu-
tion was transferred to a three-necked flask arranged as in 
experiment XLV. At this point, lOcc. of 30 per cent hydrogen 
peroxide was added. As usual, a temperature of 0°C. was main-
tained. Gaseous nitrogen dioxide was introduced slowly. The 
run was allowed to continue for 75 minutes. In this experi-
ment, the solution did not acquire a blue color. At the con-
clusion of the experiment, the contents were filtered, and the 
precipitate having a light green tinge, ~s dried in a vacuum 
desiccator. The weight of the dried product was 1.8 grams. 
The melting point, which was approximately 190°0., indicated 
that the product was a mixture of propyl pseudonitrole, and 
2,3-dinitro-2,3-dimethylbutane. The results are expressed in 
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tabular form on page -2 7 • 
. Experiment XLVII 
Approximately 0.07 mole of 2-nitropropane (6 grams) was 
dissolved in 14cc. of 29 per cent potassium hydroxide (0.1 
mole). This solu·hion was neutralized with dilute acetic acid 
(1:7) to a phenolphthalein end point. The neutral solution 
was transferred to a three-necked flask arranged as above. 
The temperature was held at 0°0. Nitrogen dioxide was then 
introduced slowly for 75 minutes. A precipitate having a 
green color was obtained. Th i s was filtered and dr i ed in a 
vacuum desiccator. The product was propyl pseudonitrole, hav-
ing a weight of 0.1 gram. The melting point was 70-73°0. The 
results are expressed in tabular form on page .27. 
Nitric Oxide 
Experiment XLVIII 
The nitric oxide used in this experiment was prepared ac-
cording to the procedure below described by Gattermann and 
~ 
Wieland. The generator consisted of a 500cc. Erlenmeyer flask 
containing an aqueous solution of sodium nitrite. Concan-
trated sulfuric acid was allowed to drop slowly from a drop-
ping funnel into the sodium nitrite solution. The generated 
oxides of nitrogen were then passed first through concentrated 
sulfuric acid, and then through concentrated aqueous sodium 
hydroxide. The strong acid and basic soluti ons above removed 
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all oxides of nitrogen other than nitric oxide. With this 
source of nitric oxide, the first experiment was as follows. 
Approximately 18 grams of 2-nitropropane (0.20 mole) was dis-
. solved in 42cc. of 29 per cent potassium hydroxide (0.3 mole). 
This was neutralized with dilute acetic acid (1:7) to a phenol· 
phthalein end point. The solution was transferred to a three-
necked flask which was immersed in an ice-calt bath. At this 
point, 30cc. of 30 per cent hydrogen peroxide (0.29 mole) was 
introduced. The apparatus was assembled, and vigorous stir-
ring started. Nitrogen was introduced to displace the air fron 
the vessel. An aqueou s solution of 2 moles of sodium nitrite 
(140 grams) was transferred to the generator. At this point, 
6N sulfuric acid was allowed to react with the sodium nitrite 
solution slowly. The rate of addition of acid was regulated 
by the rate of introducti on of nitric oxide. The temperature 
of the reaction mixture was at -6° to -3°C. throughout the ex-
periment. The run was carried out for 6 hours. A precipitate 
was not formed. The reaction mixture was allowed to stand 
overnight in a stoppered flask. After standing overnight, a 
white precipitate was present. This was filtered and dried in 
a vacuum desiccator. The weight of the dried product was 1.1 
grams, (6.2 per cent). The melting point was 204-208°c. The 
results are tabulated on page .29. 
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Experiment XLIX 
Approximately 18 grams of 2-nitropropane (0.20 mole) was 
dissolved in 42cc. of 29 per cent potassium hydroxide (0.3 
mole). The excess alkali was neutralized with dilute acetic 
acid (1:7) to a phenolphthalein end point. The neutral solu-
tion was transferred to the usual reaction vessel. To this 
solution, was added 30cc. of 30 per cent hydrogen peroxide 
(0.29 mole). At this point, 30cc. of acetic acid (1:7) was 
added. Vigorous stirring was started. The system was flushed 
with nitrogen. Nitric oxide was then introduced from the gen-
erator described above. The temperature was held at -5° to 
0°C. Approximately 1 mole of sodium nitrite (69 grams) was 
used in the generator. The run was carried out for 3.5 to 4 
hours. At the conclusion of the experiment, no precipitat e 
had formed. The solution, after standing overnight, produced 
a precipitate having a weight of 0.8 gram. This represents a 
yie ld of 4.5 per cent. The melting point was 198° to 203°C. 
with slight decomposition. The results are tabulated on 
page ..2 9 • 
Experiment L 
Using the same apparatus, the following run was carried 
out. Approximately 18 grams of 2-nitropropane was dissolved 
in 42cc. of 29 per cent potassium hydroxide (0.3 mole). This 
was neutralized with acetic acid (1:7) to a phenolphthalein 
end point. To the neutral solution was added 30cc. of 30 per 
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cent hydrogen peroxide {0.29 mole), and 30cc. of 6N sulfuric 
acid {0.09 mole). The apparatus was flushed with nitrogen. 
The temperature was held at -5° to 0°0. Approximately 1 mole 
of sodium nitrite {69 grams) was used in the generator. The 
total time of the experiment was 5 hours. A very small yield 
of a blue precipitate was formed. The weight was 0.3 gram {2 
per cent). The melting point was 203° to 205°0. The results 
are tabulated on page .2. 9 • 
Experiment LI 
The same apparatus was employed as in the other experi-
ments of nitric oxide. However, to obtain better dispersion 
of the gas, an inlet tube was made having a small bulb, and 
tiny orifices. Vigorous stirring was used. The procedure is 
as follows. Approximately 18 grams of 2-nitropropane (0.2 
mole) was dissolved in 42cc. of 29 per cent potassium hydrox-
ide (0.3 mole). This was neutralized with acetic acid (la7) 
to a phenolphthalein end point. To the neutral solution was 
added 30cc. of 30 per cent hydrogen peroxide {0.29 mole). 
Then llcc. of concentrated nitric acid (Sp. Gr. = 1.4) was 
added. The system was flushed with nitrogen. Nitric oxide 
was then introduced. After 6 hours, the run was discontinued. 
A white precipitate had formed. This was filtered and dried 
in a vacuum desiccator. The yield was 1.2 grams, or 6.8 per 
cent. The melting point was 208° to 210°0. The results are 
tabulated on page .2. Cf • 
Nitrous Ox ide 
Experiment LII 
A commerical tank of nitrous oxide was used as the source 
of this gas in this and the foll owing experiment . The proce-
du re used was as follows. Approximately 30 grams of 2-nitro-
propane (0.34 mole) was dissolved in 75cc. of 29 per cent 
potassium hydroxide (0.5 mole) . This solution was transferred 
to a th ree - necke d flask equipped with a mechanical stirrer, am 
a thermometer. The excess alkali was neutralized with acetic 
acid (1:7) to a phenolphthalein end point. To the neutral 
solution was added a mixture of 50c c . of 30 per cent hydrogen 
peroxide (0.49 mole) , and )Occ. of 6N sulfuric acid (0.15 
mole) in bulk. The temperature was held at approximat e ly ooc. 
Nitrous oxide was introduced with vigorous stirring. The run 
was carried out for 4 hours . Th e so luti on developed a green 
color. The apparatus was dismantled. The flask contained two 
layers. The t op layer was light blue . A small am ount of a 
white precipitate was on th e bottom of the flask . Th e layers 
were decanted to a separatory funnel. Th e precipitate was 
transferred to a filter paper an d dried . The amount of so lid 
was very s mall, and was so l ub le in water. No fur ther investi-
gation was made of this substance . The layers were separated . 
The aqueous layer was transfer r ed to a flask and stoppered . 
The organic layer appears to be 2-nitropropane by its odo r, 
a nd boiling p~int (119-121°c.). Th e volume of recovere d 2-
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nitropropane was 16cc. After standing overnight, the aqueous 
solution had formed a precipitate. This was filtered and dried. 
The weight was 0.3 gram. The melting point was 202° to 206°0. 
Since the solubility of 2-nitropropane is approximately 1.7 
13 
grams per lOOcc. of water, as much as 5 grams of 2-nitropro-
pane may be dissolved in the aqueous solution. The volume of 
the solution at the conclusion of the experiment was approxi-
mately 300cc. 
The results are tabulated on page .:11 • 
,Experiment LIII 
The same apparatus was used as in experiment LII. The 
procedure was as follows. Approximately 75cc. of distilled 
water was saturated with nitrous oxide by bubbling the gas 
through water for 1 hour at 0°0. Then 21.75 grams of potassi-
um hydroxide (0.4 mole) was dissolved in the above solution. 
This was transferred to a lOOOcc. three-necked flask. Approx-
imately 30 grams of 2-nitropropane (0.34 mole) was added. The 
solution was vigorously agitated for about 45 minutes. The 
solution was homogeneous. The solution was then neutralized 
with acetic acid (lz7) to a phenolphthalein end point. The 
temperature was held at 0°0. With vigorous stirring, nitrous 
oxide was introduced while a mixture of 50cc. of 30 per cent 
hydrogen peroxide (0.49 mole), and 50cc. of 6N sulfuric acid 
(0.15 mole) was added slowly dropwise. The time of this run 
was 4 hours. At the end of this time, the apparatus was dis-
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mantled. As in experiment LII, two layers were found. They 
were separated by means of a separatory funnel. The top layer 
which is believed to be 2-nitropropane by its odor and boiling 
point (119-121°0.), amounted to 2lcc. Here again, as in ex-
periment LII, there may be as much as 5cc. of 2-nitropropane 
dissolved in the solution. The aqueous solution after stand-
ing overnigHt, formed a precipitate. This was filtered and 
dried. Its weight was 0.26 gram. The melting point was 200-
20300. The unreacted 2-nitropropane was distilled. A yellow 
solid residue was left behind. Its weight was o.;4 gram. The 
melting point was 200-202°0. 
The results are tabulated on page~~. 
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Experiment LIV 
Approximately 6 grams of 2-nitropropane was dissolved in 
15cc. of 29 per cent potassium hydroxide (0.1 mole). To this 
alkaline solution, was added an aqueous solution (25cc.) of 5 
grams of sodium nitrite (0.072 mole), and 5cq. of acetone. 
This solution was transferred to a 500cc. three-necked flask 
equipped with a dropping funnel, a mechanical stirrer, and a 
thermometer. Ice was added at the beginning of the experiment 
to keep the temperature at a minimum. However, during the re-
action, the temperature was allowed to increase ~o 10°0. after 
all the reagents had been added. The alkaline solution was 
neutralized with 6N sulfuric acid to a phenolphthalein end 
point. At this point, a mixture of 25cc. of 30 per cent hy-
drogen peroxide (0.24 mole) and lOcc. of 6N sulfuric acid 
(0.03 mole) was added dropwise. The precipitate was filtered 
and dried at the conclusion of the experiment. The weight of 
the dried product was 1.1 grams or 18.5 per cent. A melting 
point was not taken. 
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THE SOLVOLYSIS OF ACETYL BROMIDE 
IN 41 PER CENT ETHANOL 
INTRODUCTION 
------------
Recently work was announced by Farkas, Perlmutter, and 
Schachterqconcerning the oxidation of ethyl alcohol by bromine. 
These workers, using 41 per cent ethyl alcohol, made kinetic 
studies or the reaction, and offered several possible meacha-
nisms. Before considering any of these meachanisms, it would 
be best to discuss the reaction further. It was found that 
the ethyl alcohol is first oxidized to acetaldehyde which in 
turn is oxidized to acetic acid. However, the most interest-
ing point of all rests on the fact that from the very begin-
ning of the reaction, both ethyl acetate and acetic acid were 
found to be present as oxidation products. The most obvious 
explanation for the presence or the ester was eliminated when 
an experiment was carried out using bromate as the source of 
bromine. The kinetics were found to be the same. In this 
experiment, the acidity was so low that catalysis of an ester-
ification reaction would be negligible. 
The explanation for the simultaneous formation of ethyl 
acetate and acetic acid, offered by the above authors, in-
volved the formation or a hemiacetal. 
-
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They went on to say that this hemiacetal could react with bro-
mine in the same manner as a hydrated aldehyde. 
It was suggested by Dr. Lichtin that possibly the reac-
tion proceeded through the formation of acetyl bromide as an 
intermediate rather than a hemiacetal. Not only is this view-
point supported by the kinetici of the reaction, but it could 
also explain the simultaneous formation of ethyl acetate and 
acetic acid in aqueous ethanol. The reactions would be as 
follows. 
C7 
7"'- ~~C"~e?..-¥-.,;;;. ~~C~c:::7C'"~C'"~ 7"'-~d-_..-
Consequently, an experiment was carried out involving the re-
action of acetyl bromide with 41 per cent ethanol at a temper-
ature of 25°0. The reaction mixture was then analyzed for 
acetic acid and bromide ion quantitatively. From this data, 
the concentration of ethyl acetate was calculated. If the 
ratio of ethyl acetate to acetic acid had been found to be 
comparable to that determined by Farkas, Perlmutter, and 
Schachter, then the theory of acetyl bromide as an intermedi-
ate in the oxidation of acetaldehyde to acetic acid and ethyl 
acetate would have a firm foundation. 
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Approximately 10 grams of sodium hydroxide pellets were 
dissolved in lOcc. of distilled water. This was filtered 
through an asbestos mat in a gooch crucible. The clear fil-
trate was then dissolved in 800cc. of distilled water which 
had been previously boiled and cooled to room temperature. 
The alkali solution was standardized against sulfamic acid 
having a purity of 99.96 per cent. A sample of sulfamic acid 
was carefully weighed on an analytical balance, and dissolved 
in approximately 25cc. of distilled water. One or two drops 
of phenolphthalein indicator was added. This was titrated 
with the alkali solution. The results are as follows. 
WEIGHT OF SAMPLE 
0.0333 gram 
0.0336 gram 
VOLUME OF ALKALI 
1.29cc. 
1.30cc. 
CALCULATED NORMALITY 
0.2660 
0.2660 
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* A volume of 25cc. of O.l021N sodium chloride solution 
was transferred to 250cc. Erlenmeyer flask by means of a pi-
pet. Approximately lee. of 5 per cent potassium chromate in-
dieator solution was added. This solution was then titrated 
with silver nitrate solution until the first permanent color 
deviation was obtained. The volume of silver nitrate employed 
was recorded. An indicator blank was determined by adding 
lee. of the indicator to a 50cc. water suspension of chloride 
free calcium carbonate (a few hundred milligrams). This was 
titrated with silver nitrate until the color matched the above 
titrated solution. The results are as follows. 
TOTAL VOLUME OF VOLUME OF BLANK CALCULATED 
SILVER NITRATE NORMALITY OF 
SILVER NITRATE 
25.68cc. 0.3lcc. 0.1006 
The normality of the silver Uitrate solution had been 
previously standardized by another worker, and found to be 
O.l005N. This represents an excellent check. 
* Kindly donated by Professor w. Gensler and his group. 
PREPARATION OF ACETYL BROMIDEf 
-----------------------------
A mixture of 99 grams of glacial acetic acid (1.65 mole), 
and 33 grams of red phosphorus was transferred to a 500cc. 
round bottom, standard taper flask (24/40), equipped with a 
reflux condenser. A two-hole cork stopper equipped with a 
dropping funnel and a drying tube was inserted tightly on the 
top of the condenser. Approximately 1.5 moles of dry bromine 
(240 grams) was added to the dropping funnel. (Bromine was 
dried by shaking with concentrated sulfuric acid in a separa-
tory funnel). Bromine was then added slowly dropwise to the 
flask through the condenser. A pan of cold water was used to 
cool the reaction mixture when the reaction became too vigor-
ous. When all the bromine had been added, the reaction mix• 
ture was refluxed for l hour at 85°C. using an oil bath. When 
the reaction was completed, the condenser was removed, and 
quickly replaced by a still-head having standard taper joints 
(24/40). A standard 250cc. round bottom flask was used as the 
receiver. The reaction was then distilled, and a fraction was 
collected at 74-85°0. This fraction was colorless. The re-
ceiver was then attached to a fractionating column using the 
same still-head set for total reflux. The column temperature 
was held constant at 73°0. The still-head temperature was 
also 73°C. while refluxing. It was observed that vapors were 
escaping through a drying tube attached to a side arm on the 
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still-head. Believing that this vapor was hydrogen bromide, 
refluxing was allowed to continue. At the end of 4 hours, the 
crude acetyl bromide had acquired an orange color and vapors 
were still evident at the drying tube. It was difficult to 
judge by odor whether the vapors were that of hydrogen bromide 
or acetyl bromide. Consequently, it was decided to allow re-
fluxing to continue overnight. Approximately 9 hours later, 
the temperature at the still-head was found to have increased 
to 74.1°C. Fumes were still escaping from the drying tube, 
but in considerably smaller amounts than before. It was de-
cided that this must be acetyl bromide. A small forerun was 
taken off at a reflux ratio of 12 to 1. The temperature rose 
rapidly to 74.3°C., and then slowly to 74.6°c., in approxi-
mately 45 minutes. The column was then put on total reflux 
for 1 hour longer. The temperature remained constant at 
74.6°C. during this time. Another forerun was collected at a 
reflux ratio of about 25 to 1. The temperature remained con-
stant at 74.6°C. A clean, dry standard taper dropping funnel, 
which had been carefully weighed, was then attached to the 
still-head. A sample was collected. The dropping funnel was 
then removed, quickly stoppered, and weighed again. The tem-
perature at the still-head still remained constant at 74.6°c. 
The specific gravity was found to be 1.650 at 23.2°C. Th e 
b arometric pressure was 754mm. Gal has published the boiling 
point of acetyl bromide as 81°C. However, the boiling point 
~ 
recorded in the literature is 76°C. at 750mm. The specific 
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'" /~"' gravity is 1.663 "77". 
REACTION OF ACETYL BROMIDE 
-------- -- ------ -------
The sample of acetyl bromide collected as described under 
the preparation of acetyl bromide was added dropwise t o lOOcc. 
of ~1 per cent ethanol in a 500cc. Erlenmeyer flask with con-
stant stirring. The flask was immersed in a c onstant tempera-
ture bath maintained at 25°C. for approximately 30 minutes 
prior to the addition of acetyl bromide. The acetyl bromide 
sample was protected from moisture in the air by inserting a 
cork stopper with a calcium chloride drying tube in the top of 
the dropping funnel. When all the acetyl bromide had been 
added, the dropping funnel was weighed once again. The weight 
of acetyl bromide employed was found to be 6.73 grams (0.055 
mole). The reaction mixture was allowed to remain in the 
thermostat at 25°C. for approximately 30 minutes. The solution 
was then carefully transferred to a 250ec. volumetric flask, 
and diluted with distilled water to the mark. Samples of lOec. 
of this solution was then titrated with standard sodium hydrox-
ide using phenolphthalein as the indicator. The first titra-
tion was made 40 minutes after the introduction of acetyl bro-
mide. The second titration was carried out 10 minutes later, 
and the third titration was made 85 minutes after the first. 
The progressive decrease in the values obtained is presumably 
due to further reaction between hydrogen bromide and ethyl 
alcohol. From the tiration values, the concentration of hy-
drogen bromide and acetic acid may be calculated. From this, 
one may estimate the concentration of ethyl acetate. The re-
sults are as follows. 
TITRATION 
lst 
2nd 
3rd 
VOLUME OF 0.2660N SODIUM HYDROXIDE 
l3.40cc. 
l3.3lcc. 
l3.10cc. 
Using the value of the first titration (l3.40cc.) and the 
weight of acetyl bromide, the concentration of hydrogen bro-
ide and acetic acid was calculated. The yield of acetic acid 
was found to be 62 per cent. Consequently, by difference, the 
yield of ethyl acetate is 38.0 per cent. 
Quantitative analysis for hydrogen bromide is described 
later using the diluted reaction mixture above. 
REACTION OF ACETYL BROMIDE WITH 41 PER CENT ETHANOL 
--------- -- ------ ------- ---- -- --- ---- -------
As it was mentioned previously, the reaction between ace-
tyl bromide and 41 per cent ethanol produces acetic acid, eth-
yl acetate, and hydrogen bromide. The amount of ethyl acetate 
formed should be entirely due to the reaction between acetyl 
bromide and ethanol as shown in the equation below. 
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However, if a part of the ethyl acetate is formed as a result 
of a reaction between ethanol and acetic acid catalyzed by 
hydrobromic acid, the results of the experiment cannot be in-
terpreted correctly. Consequently, in order to avoid equili-
bration between acetic acid and ethyl acetate, it was decided 
to carry out an experiment in which the sample of acetyl bro-
mide was treated with an excess of ethanol. This was followed 
by the addition of a calculated quantity of sodium hydroxide 
to quench the hydrobromic acid. No attempts were made in this 
experiment to maintain the temperature at 25°C. The procedure 
is as follows. 
A sample of acetyl bromide, weighing 0.5623 gram, was 
taken from the fractionating column as described on page/~?. 
To this was added an excess of 41 per cent ethanol (by weight) 
at room temperature. A vigorous reaction occurred with the 
liberation of considerable heat. Approximately 17.2cc. of 
o.2660N sodium hydroxide was immediately added to the reaction 
mixture to quench the hydrogen bromide. A few drops of phenol-
phthalein was added, and the titration continued to the end 
point. The volume of alkali used was 27.96cc. The time for 
the titration was 5 minutes. From the results of the titra-
tion, the percentage of acetic acid calculated was 61.6 per 
cent. This is in excellent agreement with that found pre-
viously. 
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The quantitative analysis for bromide was carried out 
10 
using Mohr's procedure. This is exactly the same procedure as 
that used in the standardization of silver nitrate described 
previously. The results are as follows. (Ten cc. of the di-
luted reaction mixture was used in each titration). 
TITRATION VOLUME OF O.l005N BLANK 
SILVER NITRATE 
1st 21.5loc. O.lOcc. 
2nd 21.58cc. O.lOcc. 
By simple calculation, it is found that the weight of 
hydrogen bromide in lOco. of the reaction mixture in the volu-
metric flask is 0.174 gram. The weight of hydrogen bromide, 
in the same volume that should theoretically be formed from 
0.055 mole of acetyl bromide, is 0.176 gram. The two values 
are in excellent agreement. 
This reaction was carried out to check the acidity pro-
duced from a known weight of acetyl bromide. 
A sample of acetyl bromide weighing 0.4137 gram was col-
lected. An excess of distilled water was then added in bulk, 
and the resulting solution titrated with standard alkali using 
1 1 1 
phenolphthalein as the indicator. The volume o! 0.2660N sodi-
um hydroxide used was 24.43cc. This represents o.oo6SO mole 
o! sodium hydroxide. The theoretical value is 0.00674 mole. 
DETERMINATION OF ACETIC ACID 
I! the reactions below are examined, 
c-~ C"'t:74-r- .,.... ..-Yz-t:? ~ r~~e:?eP,..,.. r<- ~<7.--
it is observed that !or every mole of acetyl bromide reacting, 
whether with water or ethanol, 1 mole of hydrogen bromide is 
formed. Thus, for O.OSS mole of acetyl bromide, o.oSS mole of 
sodium hydroxide would be required to neutralize hydrogen bro-
mide. Consequently, 
.oSS X 1000/.266 = 206cc. of 0.2660N 
sodium hydroxide required for hydrogen bromide. 
Since the total volume of standard alkali used was 13.40 X 
2S0/10 = 33Scc., then it follows by difference that 129cc. was 
used to neutralize the acetic acid. Converting this to grams, 
we have 
129 X . 266 X .o6o : 2.04 grams of acetic acid. 
From this, the per cent yield is 
(2.04)(lOO)/(.OSS)(6o) = 62.0 per cent of acetic acid. 
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DETERMINATION OF HYDROGEN BROMIDE 
It can be quickly calculated that the total amount of hy-
drogen bromide should be 
.055 X 80.9 = 4.45 grams. 
The weight of hydrogen bromide determined by titration 
with silver nitrate is 
g!~~1-~-~f§22-~-~Q~! X 250 = 4.35 grams. 
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CONCLUSION 
From the experimental results, it has been shown that the 
concentration of acetic acid is approximately l t times that of 
ethyl acetate. The concentration of hydrogen bromide has been 
unquestionably ascertained by titration with standard silver 
nitrate which checks very closely with the calculated value. 
In addition to this, the reaction of acetyl bromide with 41 
per cent ethanol was carried out twice, and the acidity ti-
trated with standard sodium hydroxide. In the first case, an 
i n duction period was allowed before ti t ration, and in the sec-
ond experiment, the reaction mixture was titrated immediately. 
The results were nearly exactly the same. Therefore, the con-
centration of acetic acid is unambiguous. By difference, the 
relative percentage of ethyl acetate can be estimated. 
The results obtained here are not compatible with those 
7' 
of Farkas, Perlmutter, and Schachter. According to these work J 
era, the ratio of ethyl acetate to acetic acid ranged from ap-
proximately 2 to 2~. Consequently, the theory that acetyl bro 
mide is an intermediate in the conversion of acetaldehyde to 
ethyl acetate and acetic acid has been disproven. In addition, 
the experiments described here offer negative evidence in sup-
port of the hemiacetal theory proposed by Farkas and co-
workers. 
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BSTR CT 
I t had been originally p l anned to determine the me chanism 
of t h e oxi d a t i ve dimerization of 2-nitr op ro p ane which has fre-
~~ 
quent l y been referred to as Stowe ' s react i on . Befor e kinetic 
s t udies could be made o f this reaction , it was necess to 
elimin te al l si~e ro~ct ons, and to increase the y ie d con-
siderabl y . Conse quent l y, t h e f irst step i nvo l ved an ttempt 
to etc mine wlat these side reacticns were . 
/7 
It was reaconad that the Ne f reaction mus t e a principal 
side reactiot . This was established to be correct th rou gh 
commo n qual itati ve and quant itati ve p ro c edu r es . I t was foun 
that the Ne f reac ti on occurred to the extent of approx i matel y 
3 0 per cent ~ Since the y i e l d o f 2,3 - dinitro -2,3-dimeth lbutane 
is prox i ma tely 20 per cent, then 50 per cent of the 2-nitro-
propane has been accounted f or. Howevei , roughl y 10 per cent 
of the 2- n i tropropane has been recovered . Several attempts 
were made to deverm i ne the identi f icat i ult of the other b y -pre -
ducts without success 
Attent ion was then t u r ned f rom the analyt i cal a s pects . of 
the prob l em to methods in wh i ch the y ie l d coul~ be increased . 
First , it was believed that to e limi nate the lef re .c t ion 
vould bring a corresponding increase in the yield o~ th· d "mer . 
Howeve · , wh n con it i ons believed to i nhibit the Nef ~ . reacv on 
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were employed, it was found that the oxidative dimerization of 
2-nitropropane was also hindered. 
Lower temperatures were used in the standard Stowe reac-
ti on only to find that as the temperature was l owered, the 
yield was decreased. 
other methods, such as varying the order of addition of 
reagents, excess of hydrogen peroxid e and sodium nitrite were 
attempted. However, the yield in no case was appreciably in-
creased. 
Finally, the search for a re active intermediate led to the 
use of oxides of nitro gen. Experiments were carried out with 
nitrogen dioxide, nitric oxide, and nitrous oxide . Although 
the yield of dimer was not increased by th ese expedients, the 
results of these experiments coupled' with those of previous 
experiments permitted some speculation to be made. It was 
concluded from theoretical as well as factual data that prob-
ably the nitrate ion was an important factor in the conversion 
of 2-nitropropane to the dimer. If this is true, the success 
or failure of experiments employing an excess of nitrate will 
depend upon two important items. First , that the rate of i som-
erization of the aci-nitropropane to the normal nitropropane 
be slower than th e rate of reaction between nitrate and ~ci-2-
nitropropane . Second, that the latte r reaction is not acid 
catalyzed. If it i s acid catalyzed, then we run into the dan-
ger that the Nef reaction will offer serious competition to the 
dimerization reaction. 
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A smaller portion of this thesis i s devoted to the sol-
volysis of acetyl bromide in 41 per cent ethanol . Th e ratio 
of ethyl acetate to acetic acid after the reaction of acetyl 
bromide with 41 per cent ethanol was determined by titrating 
fi rst with standard sod ium hydroxide8 Thi s data permitted the 
calculation of total ac i dit y due to acetic and hydrobromic ac-
ids. Total bromide was then determined by Mohr's procedur • 
ith this information, the ratio of ethyl acetate to acetic 
acid could be determined. Sinc e this ratio was not compatible 
~ 
with that found by Farkas , Perlmutter, and Schachter as a re-
~ult of the oxidation of ethanol {41 per cent) by bromine, it 
was conc luded that acetyl bromide could not be an intermediate 
i n this oxidation reaction. 
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